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FOREWORD 



Logic diagrams contained in this manual do not attempt to show the entire device, sequence being illustrated is not included. Certain areas may not be shown at 

nor even depict complete modules within that device. The purpose of the diagrams all, while others may appear on several drawings. These limitations are tal- 

is to show the logical significance of circuits that may involve parts of many modules portant to remember; the logic diagrams do not replace the 6000 Series chassis 

on several chassis. Logic hardware that is not pertinent to the particular logic and cable tabs, but they are a valuable tool in understanding the tabs and the over- 

all operation of the machine. 
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KEY TO LOGIC SYMBOLS 
(Standard 6000 Series Card Types) 



Logic diagrams represent a symbolic approach to electronic schematics. By 
using symbols to represent building block circuits, the schematic becomes easy 
to read if the reader understands the function of the symbols. In CONTROL DATA* 
logic, two signals, a logical "0" and a logical "1" are the possible input or output 
conditions of a circuit. For example, "1" is considered "up" and "0" is considered 
"down" on a timing chart. Detailed descriptions of logic symbols and their 
associated electronic representations are contained in the Printed Circuit Manual, 
Cordwood Modules (Pub. No. 60042700). 

STANDARD LOGIC SYMBOLS 

Standard logic diagram symbols for Control Data equipment using 6000 Series 
card types are inverters, test points, flip-flops, twisted pair line drivers, and 
coaxial cable line drivers. 

Inverters 



An inverter is a logic element which provides an output that is a negation of its 
input. When more than one input is provided to an inverter, "0's" take precedence 
over "l's" and therefore drive the output of the inverter to "1". Because all of the 
several inputs have to be "1" to drive the output of the inverter to a "0", the 
inverter may be considered an inverting AND (or NAND) gate when more than one 
input is present. The basic inverter is shown in the logic diagrams as an arrow 
into either a circle or a square (Figure 1). Both symbols represent the same 
electronic circuit and have the same logic interpretation. In a logic sequence of 
inverters, circle and square symbols are usually alternated as an aid in tracing 
signals, e.g., a "1" output from a square symbol implies a "1" output from 
subsequent squares in the logic chain. 
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Figure 1. Inverter Symbols 

Certain card types employ variations of the standard inverter building block. 
These differences are indicated in the logic diagrams by a dot or a cross in the 
circle or square (Figure 2). Both the chassis tabs containing the card in ques- 
tion and the Printed Circuit Manual, Cordwood Modules (Pub. No. 60042700) contain 
electronic schematics of these special variations . 
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Figure 2. Special Inverters 



Acceptable conventions for showing multiple inputs and outputs are given in 
Figure 3. Note that the output of inverter A is "0" only if inputs X, Y, and Z are 
all "1". The multiple outputs are identical. 
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Figure 3. Multiple Inputs /Outputs 

Acceptable conventions for showing inverter networks are illustrated in Figure 4. 
As a general rule, circle inverters alternate with square inverters wherever 
possible. Because multiple outputs are identical, only one arrow is shown in 
cases where an inverter (A) serves as the single input to several succeeding, 
inverters. In more complex inverter networks, multiple arrows are used 
(B to C and D; in this case because B is not the only input to C or D) 




Figure 4. Inverter Networks 



Test Points 



A test point has no logic function, but is shown in the logic diagrams as a 
triangle (Figure 5). They are numbered from 1 to 6. 
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Figure 5. Test Point Symbols 



Rev. M 



KEY TO LOGIC SYMBOLS (Cont'd. 



Flip- Flops (FF) 



The flip-flop (FF) is a storage device with two stable states- -designated as Set 
and Clear--and is composed of two inverters (Figure 6). The flip-flop is said 
to be set when the set output (B) is a "1", and clear when it is a "0". Note that 
the input (A) must be "0" to set the flip-flop and (C) must be "0" to clear it. 




Figure 6. Flip- Flop Symbol 

Logic signals are transmitted from one module to another by means of a line 
driver. Modules on the same chassis are connected with twisted pair lines, and 
those on separate chassis are connected by coaxial cable. 

Twisted Pair Drivers 



The twisted pair driver is represented by the standard square or circle. The 
output of the square or circle, however, is connected to a pin of the module in 
question and wired from there to a pin on another module (Figure 7) . The ground 
wire of the pair is wired to the connector ground bus of each module. The pins 
are represented by small circles and are numbered from 1 to 28 (Pins 29 and 30 
are ground and +6 volts, respectively, and generally are not shown in logic 
diagrams). The module location is shown above the card, and the module type 
is denoted in the upper right corner. 
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Figure 7. Twisted Pair Line Driver 

Coaxial Cable Drivers 

The coaxial cable driver is a 25 nsec pulse circuit, and is represented as 
shown in Figure 8. The pins used are represented by a small double circle. 
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Figure 8. Coaxial Cable Driver 
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SCOREBOARD 



Concurrent operations in the Central Processor are controlled by a generalized 
queue and reservation scheme called the scoreboard. The scoreboard maintains 
a running status file of each operating register, functional unit and data trunk in 
the Central Processor. Typically, this file is made up of two, three and four-bit 
quantities identifying the nature of the unit and register usage. These status 
conditions (or designators) are examined as each new instruction is brought up. 
If no waiting is required, the execution of the instruction is begun immediately 
under control of the unit itself. If waiting is required (for example, an input 



operand may not yet be available) the scoreboard controls the delay and, when 
released, allows the unit to begin its execution of the instruction. The fact that 
one instruction is waiting does not necessarily prevent later instructions from 
being brought up and issued. The two restrictions on issuing are that the unit 
requested must be free, and that the result register must not be reserved for the 
result of a previously issued instruction. In the absence of these two restraints, 
instructions may be issued every minor cycle. Thus, several instructions may 
be executed concurrently, not necessarily in the same order as that of the original 
program. 
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1. Instruction Sequence: 

Issue: Boolean (Logical sum of X 3 and X 5 to X J 
Issue: Long Add (Integer sum of X_ and X 2 to X^) 

2. Assumptions: 

a. Boolean is already issued and in progress. 
Unit Busy Set' Q. = 00 

F^x) = 111 QjJ = 00 
F-j(x) = Oil X_ = 0100 

r^(x) = 101 ' 

b, Long Add is being issued, 

3. Set Long Add Unit Busy FF. 

t. Set Long Add F Designators. 

' a. 10Q-*Fi(x) _ 

b. lll-*F.(x) 
f . c. 010— >FJJ(x) 

■ 5. Set Long Add Q Designators from XBA 

a. X7 = 0100 (Boolean)—* Qj 

b. X2 = 0000 (Clear)—* Qj[ 

Set Long Add Read Flag Operand 2, 

6. Set XBA Designator 
1110 (Long Add)— »X*i 

7. Boolean sends Request Release near the end 
of its computation. 

8. All clear gate is made if no Read Flags are 
set for the result register. 

9. Boolean Trunk Priority is tested. 

10. Boolean is released by scoreboard. 

a. Unit Bus'/ and Request Release FFs are cleared, 

b. Boolean Fi is tested to clear XBA (X7) 

o. Transmit signal is sent to Boolean to store 

its result, 
d. Go Store signal probes Boolean F^ and a tag 

is sent to the Operating Register Entry Control 

to define the result register. 

11. Boolean Result is transmitted to Operating 
Register (X7) 

12. Scoreboard Tests Q to determine any units that 
are waiting for the result being placed in X7. 
(Long Add is waiting.) 

13. Long Add Read Flag (Operand 1) is set, 

(Op. 2 Read Flag previously set when Q^ = 0) 

It. Long Add Trunk Priority is tested, 

a. Go signal is sent to Long Add, 

b. Go Read signal probes Long Add Fj and Fj. and 
tags are sent to the Operating Register Exit 
Control to define the operand registers. 

c. Read Flags are cleared. 

15. Long Add Operands are transmitted from Operating 
Registers (X7 and X2 respectively). 

16. Long Add begins computation. 
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SCOREBOARD DESIGNATORS 



2. 



F Designators: These three bit designators assign specific operating 
registers to the selected functional unit. In the general case, F. 

designates the result register whereas F and F designate the entry 

. . — -*_J». . „ & . 

operand registers. The shift and increment units have multiple F 

designators for assigning either X, B or A registers. These designators 

are used to gate the entry and exit control networks which direct the data 

flow on trunks between the operating registers and the functional units. 

Q Designators: If an entry operand register has been previously reserved 
for the result of another functional unit already in operation, the four- 



bit Q designator specifies the reserving unit. These designators are 
used to set read flags for the entry operands. 

XBA Designators: The result register reservation list is held in the 
twenty-four XBA designators. Each designator contains the four-bit* 
binary code of the current reserving unit. If there is no reserving 
unit, the designator is cleared. These designators are used both to 
prohibit the issuance of subsequent instructions which call for a result 
register previously reserved, and to set Q designators which indicate 
any entry operand conflicts that may exist. 



For all B and A designators, the upper two bits are always zero. 
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PLACING SCOREBOARD RESERVATIONS 

1 2 

When an instruction is issued to the scoreboard (U -*■ U ) the fm portion, or operation 

code, is translated to set various reservation control flip-flops. These include Unit 

Request (to specify the functional unit), Select (to specify entry operand register 

groups), and Result flip-flops (to specify result register groups). The particular 

registers within the specified register groups are identified from translations of 

2 2 

the i, j and k portions of U . Signals emanating from U set the appropriate Unit 

Busy flip-flops and scoreboard designators F, Q, and XBA. 
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STUNT BOX 



The Stunt Box is an address controlling center in the 6601 and 6604 Central 
Processors and is located on chassis 5. Its primary function is to gather 
addresses from the Peripheral and Control Processors and the Central 
Processor according to a priority scheme, place them into a hopper, and 
issue them to Central Memory until accepted by the desired bank. An 
address enters the hopper in the following order of priority: 



1) an address coming out of the hopper which was not accepted by 
Central Memory (bank was busy). 

2) an address from the Central Processor. 

3) an address from a Peripheral or Control Processor. 

When not accepted by Central Memory, an address is sent back into the 
hopper where it is circulated and reissued to Central Memory every 0. 3 
microseconds (3 minor cycles) until the desired bank is free to accept it. 
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MIO 



CLEAR !■>* 
INCREMENT 

WRITE 
FLIP-FLOPS 



TAG = X6 

LO! 



tttBj 25 



TAG=X7 . 

LfcZ. 



* SERIALS 8 AND UP ONLY. IN SERIALS 
1-7 THIS LOCATION IS P20. 
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CH 5 
INPUT REG 



TO INSTRUCTION STACK 





Ml +225 


NSEC 


R34 


* 


20-25 


M 2 


Ifi 




12 ,-> 


AAA^ 




.--, 


~°T-*Q~ 


J — i "■ 
J — 1 io) 




| B | 






t!5 I 


7 /\ 








■TO P,RA,FL,EM 




ECS WRITE 
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SERIALS 6 AND UP ONLY. 
DIFFERENCES FOR SERIALS 
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8-UP 



QI3- RV 
R26-PJ 



I- 7 



QI3-PD 
R26-PA 



TITLE 

CENTRAL PROCESSOR 

STUNT BOX 

HOPPER TAG DISTRIBUTION 2 



PHOOUCT 

660 1/04/13/14 



Oft AW I »• fttt I HtV 

60119300 



J4& 



ADDRESS TAGS (OCTAL) ") 



V 





2*-Z» 



(-r 

' | NOTE 

I 

I 



tso 



WORD FORMAT IN: MI-M4. 



2°-2' A A 
IN Ml /IVN 


Is 


— i o r~ 

to J 


V| — slO 


[T| [I 




© — 




In 





IF TAG BIT 2 3 ="0", 6ATE ABB REG. NUMBER TO EXIT CONTROL. 
IF TA6 BIT 2 3 *"l", GATE X RE6. NUMBER TO EXIT CONTROL. 



4-BIT TAG TO EXIT CONTROL 831 



TAG 
A 



XXXXXXXJ ADDRESS ~ j 



X 



RE6ISTER NUMBER 
_». CENTRAL BIT 
^(EXCEPT EXCH JUMP) 
-» EXCHANGE BIT 
-••WRITE BIT 
■♦FULL BIT 



Bj2 u 
SO-02* 



CENTRAL MEMORY 



* 



w 



i<)0 



GO 
CONTROL 



' IT. 





OPERATING REGISTERS 



EXIT 
CONTROL 



l 



60 
ACCEPTED" 



■ B €HS* acSptUXW 
'"tS» 



«x . 

ACCEPTED 



sx 

accepted! 



«x . 
accepted 



OX 

accepted' 



a 



^^-jWreaoto 

P ACCE^^O^^^^ 1 
-{-S[~)-^9 RA-» S^ <** L tH 





CENTRAL MEMORY 



tfc3 

CENTRAL MEMORY 
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EXCHANGE EM, A3.B3 


64 




A4, B4. 


65 




AS, 85. 


66 




A6.B6. 


67 




A7..B7 


70 




XO. 


71 




XI. 


72 




xz 


73 




X3. 


74 




X4. 


75 




X5. 


76 




X6. 


77 


* XT 


20 


ECS READ* 


21 


ECS WRITE* 



OPERATING REGISTERS 



STORE/READ, 
DISTRIBUTOR' 



,„-■ swtjrsjt 



L__... 

Ml + 450 NSEC 



/Y^C 



, , 1 DREG. 



1 h: 



^CENTRAL 
CONTROL 

WRITE 



1 



signalis) sent depend 
on tag translation 

JSt^alI ! !"*^ 




CM-P-INST. STACK 



P.RA.FL 



ENTRY 
CONTROL 



\~s 



<A-7*» 



WRITE 




il 2° 



* SERIALS 8 AND UP ONLY. 
DIFFERENCES FOR SERIALS 
1-7 ARE AS FOLLOWS: 






8-UP 



B3S-T0 
13- RV 
B37-TH 
R26-PJ 



I- 7 



C4I-JJ 
QI3-PD 
837-TD 
R26-PA 






NOTE: 
IF TAG COUNT = SX, GATE A 8 B REGISTER 
NUMBER TO REGISTER CHASSIS . IF TAG 
COUNT ■ 7X, GATE X REGISTER NUMBER 



TO REGISTER CHASSIS. 



4? 



;0 



{^>q4 en f t l er 



A REGISTER TAG 



H42 



X REGISTER TAG 



H40 



(^"jTrECISTER TpVjQ^ 




H4I 



m V**—*. <?$£$*&* 
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fe- 







HOI 




2 I 

3 \l 

SO" 

6 \ 




XO RESERVED C 


X 1 RESERVED C 


X2 RESERVED f 


X3 RESERVED <j 





X4 RESERVED 




X5 RESERVED 




X6 RESERVED 




X7 RESERVED 


AO+BO RESERVED 




»i AI+BI RESERVED 


r»M> W*-**^ 


f A21-B2 RESERVED 



, A3 + B3 RESERVED 



WJ^\M 







BRANCH 
ERROR 
DELAY 



V 



BRANCH 
SELECT 
SEQUENCE 



Jl23 


AN 

N_I8. 

- 26 


y: 

» ALL OUIET 


P. » 




EXCHANGE 

JUMP 
CONTROL 


[ 120 v - 




fJUVi— * 


ECS 

CONTROL 



BRANCH SELECT 




NOTE 

* H02 IS AN IG MODULE IN 
SERIALS 1-7 
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MV 

8T 



INPUT 
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EXP. 



*k 
EXP. 



|ks 
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REGISTERS 
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^ 
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IF COEFFICIENT IS NEGATIVE (SIGN BIT 59 = "l"l, 
THE EXPONENT MUST BE COMPLEMENTED TO OBTAIN 
THE TRUE VALUE. 



TRUE EXPONENT REGISTER 



X ; BIT 

58 LIO- 24 p 10 

5 7 L I - 22 

5 6 L I - 20 6 I 

55 L09-26 6 25 

54 L09 - 24 6 28 



POP. COUNT 



Xj BIT 59 LIO-7 
COEFF. SIGN 



53 L09 - 22 622 

5 2 L09 - 20 <J> 10 

51 LOB - 26 

50 L08 - 24 

49 LOB - 22 



48 L08 - 20 









[PDJ 


Y l? 


A 


II 26 O 
10 19 O 


O 18 


A l0 


To"/ 28 ? 
l 23 f 


>I3 


A 9 


9 -f 12 ? 

Le 6 

"9 3 


> 14 


A e 


8 4 6 







IpoI 


T ' 7 


A 7 


T 21 i 


i> is 


A 6 


6 {" 

6 23 


r 3 


A s 


5 ji 


9 '« 


A 4 


4 4 C 







[ppj 


©17 


A 3 


3 {" 

3 21 i 


J) IB 


A 2 


2 23 i 


-0 13 


A ' 
A 


1 3 i 
1 — 1 7 J 


|b| 


~*C°]~*C 


-\ — 111 

>^ — 4 I 




■K©- 







Xj BIT 59 LIO - 10 
COEFF. SIGN 











> ALL S 





' ALL "|'S" 



4> mJl 



INDEFINITE 



-v^ES 




ALL LOCATIONS ON CHASSIS 2. 
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IF COEFFICIENT IS NEGATIVE 
59*"l"), THE EXPONENT MUST 
TO OBTAIN THE TRUE VALUE 



(SIGN BIT 

BE COMPLEMENTED 



X k TRUE EXPONENT REGISTER 
E36 



X„ BIT 



58 Ml 0-24 

57 M 10 -22 

56 MIO -20 

55 M09 -26 

54 M09 -24 



POP. COUNT 



X|( BIT 59 MIO - 7 
COEFF. SIGN 



53 M09 -22 

52 M09 -20 

51 MOB -26 

50 M06 -24 



49 M08 -22 



46 M08 -20 



POP. COUNT 



X|( BIT 59 M 10 
COEFF. SIGN 




^^H 




I E3 

t rui* 



INDEFINITE 



*k "0 



■4a|: 



x k =<0 



note: 

all locations on chassis 2. 
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SERIAL 8- UP A3S 



Xj INDEFINITE , 838 - 20 



Xk INDEFINITE, B38-I5 



X), INDEFINITE, B38- IS 



(DIVIDE) (POP. COUNT) (130) 
(MULT. 2) (t30) 
(MULT. I ) (tSO) 




X|,=a>, B38- 17 9-^Q-!i«- 



=<0,B38-4 ill»Q_ 




f i5 0-D-»© 



jINDEFINITE 

OPERAND 



„OPERANO OUT 
OF RAN6E 



TO CHASSIS 5 
i>EXIT MODE 
CONTROL 
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all locations on chassis 2. 
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TESTS FOR 
BRANCH AND 
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UNIT 
































ADDRESS 
ERROR 
TEST 
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INDEFINITE 
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TESTS FOR 
MULTIPLY 1, 
MULTIPLY 2, 
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MODE 

CONTROL 























INDEFINITE 
ERROR 





\ 
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A 




S 




s 
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S 
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LI! 








E! 
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STOP ' 
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JUMP + LOOP 
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NOTES 

I. LOOP SEQUENCE 

A. ENTER K IN P (R-»P) 

B SET PARCEL COUNTER (PC) TO 0. 

C. ENTER (L-T) IN L. 

2. JUMP SEQUENCE 

A. ENTER K IN P (R-*P). 

B. SEND P-» MEMORY (RNI). 

C. SET PARCEL COUNTER (PC) TO 0. 

D. SET 

E. SET 



D TO 0~1 
L TO 0. j" 
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JUMP + LOOP 
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TIME = NSEC 
00 



BRANCH SELECT 
(F38-TP2) 



CLEAR BRANCH SELECT 



ISSUE AUXILIARY 
FUNCTIONAL UNIT 



AUX F U RELEASE 
(H25-TP5) 



BRANCH SEQUENCE 
(R3I -TP3) 



BRANCH SEQUENCE 
(R30-TP3) 



BRANCH SEQUENCE 
IR30 -TP6) 



JUMP + LOOP 

IR37-TP4) 

(NO INCH ASSUMED) 



R-*P ENABLE 
(PI0-TP2) 



NO BRANCH 
(R33-TP5) 



NO BRANCH PROCEED 
(L03-TP6) 



GO (SEE INST GO CONTROL) 
(G30-TPI) 



'— ^^^^^^^^^ ^^^^^^^^^^^^^^^^ 



1 P553L 



V/////////////A. 



00 100 200 -. 

TIME « NSEC 

* THE AUXILIARY FUNCTIONAL UNIT FOR THIS CHART IS INCREMENT I . 

**■ ASSUME THE CONDITIONAL TEST IS MET IN THE AUXILIARY FUNCTIONAL UNIT (INCR I). 
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P REGISTER 
R REGISTER 



SUMMING NETWORK 



BIT 17 16 N39 JC 



BIT 15 14 N38 TjC 



BIT 13 12 N37 TjC 



10 N3G JC 



8 N35 JC 



4 N33 JC 



BIT 3 2 N32 



fjC 




Q* 



GR. 5 P33 | OB 



GR. 4 P32 QB 



GR. 3 P3I OB 



GR. 2 P30 OB 



GR. I P29 
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SIGN AREA TEST 



GROUP 


5: 


2l5_ 2 I7 


GROUP 


4. 




GROUP 


3' 


2 9_ 2 II 


GROUP 


2: 


2 6 -2 e 


GROUP 


1. 


z l-*l 


GROUP 


o: 


2 0_ 2 2 



BIT 17 16 15 14 13 016 



BIT 12 II 10 9 8 013 



BIT 3 BORROW INPUT 




_r; 



BORROW INPUT 



RESULT NETWORK |)|7. 



«P° 




126 



TJ 



| ' BIT 2 BORROW INPUT 



' BIT 2 PARTIAL DIFFERENCE 



BIT 2 BORROW INPUT 



4- 



BIT I BORROW INPUT 






BIT I PARTIAL DIFFERENCE 

I 

J _BIT l_ BORROW INPUT 

-" BIT BORROW INPUT 



1 BIT PARTIAL DIFFERENCi 

I 

BIT BORROW INPUT 





PASS AND BORROW CIRCUITS 
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R/P 

CONTROL 
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D yS 1 1 \ 
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kj CLEAR R 
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ij CLEAR P 


I s r- 
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16 r- 


)] ADVANCE P 




II i— 


1 MEMORY -»-P 






m t 




*-0<¥b- 



GR. I PASS 

_GR i _0_PASS 

GR. 4 BORROW 
GR. 5 PASS 

GR. 5 BORROW 

GR. 2 PASS 
GR. 3 PASS 
J r GR. "0 BORROW 
' GR. I PASS 



PIT [oc 



GR. I BORROW 

GR. 4 PASS 

GR. 5 PASS 
GR. 2 BORROW 

GR. 3 PASS 
GR. 3 BORROW 




BIT 7 6 5 4 3 

AA AA 



HI 4 [jR 



A 0& OV-fe, 

T^ 2 7 
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CLEAR BRANCH 
SELECT 
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LOOP TEST 



To generate an In Stack signal at test point six of F38, either gate X or 
gate Y must be made. Gate Y can be made only when T > 0, indicating 
that the branch is down the stack or forward in the program. For this 
case, L - T > is a sufficient condition for loop. The D - (L - T) 
difference is taken, but not used. 

Gate X can be made only when T < 0, indicating that the branch is up the 
stack or backward in the program. If L - T_< 7, then D - (L - T) > is 
a sufficient condition for loop. Due to hardware limitations of the three 
bit summing network, however, overflow is not recognized (L - T > 7). 
Thus a second term must be ANDed with the EAB term on 103 to cover 
all cases. In each of the examples below, one of the two terms is zero, 
thereby prohibiting a loop. 



Example 1. Overflow 

R = 000 111 000 111 000 010 
P = 000 111 000 111 000 111 



(R-P) 



111 111 111 111 111 010 



"— i 


r- 




>OVE 




STACK 




-T 

L 


17 


, 


i 








p-i 


14 











u 



L = 100 
T = 010 







010 


Forced EAB 1 








(L- 


T) 


= 001 




D 


= 111 


(L- 


T) 


= 001 



No EAB required. 



D - (L - T) = 110 



T < 0* 



/. D - (L - T) > 



Both conditions 
not met. 

.'. JUMP 



Example 2. No Overflow, but D is too small 

R = 000 111 000 111 000 101 
P = 000 111 000 111 000 111 



(R-P) = HI 111 111 111 HI 101 







STACK 












16 




" 


-T 






15 






, 


i 


„ 


14 




r 


, * 

L 








D 



LL = 100 "1 E 
T = 101 ?.\ 
HI J 



EAB required 
L, - x < 0* 







111 


Force 


d EAB, 1 








(L- 


T) = 


= 110 




D 


= 101 


(L- 


T) = 


= 110 






111 


(EAB) 


1- 



.".D - (L - T) > J 



Both conditions 
not met. 

.-.JUMP 



D - (L - T) = 110 



*The sign of T is not taken into account for these translations. 
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Q$& 




LIS 


F.U. P. 14.1 




3\ 


ta 

-tirl 


INST 

60 

CONTROL 


PAUSE , 




T4S< 




+ \ 



OS". 



NOTE. - THE REGISTER HOLDS THE COMPLEMENT OF &35*l 

" " a 

1PJ3L*> \ 



LOOP 

SEQ 



THE D COUNT. THE (k-T) REGISTER HOLDS THE 
TRUE VALUE OF (L-T), WITH THE SIGN BIT 
TAKEN INTO ACCOUNT. 



THE SIGN OF T IS NOT TAKEN INTO ACCOUNT FOR 
, ; THESE TRANSLATIONS. 

-OWJU Kl-OL^l M W«UJ NOTE: IF (R-B) IS NEGATIVE CL-T) COULD BE GREATER THAN 7, CAUSING 

"T" OVERFLOW. FOR THIS CASE THE EAB TEST OF D-(L-TI IS NOT 

" r ■ • . VALIO. THUS, A SECOND TERM MUST BE ANDED WITH THE EAB 

ON 103 TO COVER ALL CASES. 






f- 



CONTROL DATA 
CORPORATION 



COMPUTER DIVISION 



central processor 
Branch unit 
d-(l-t) sequence 



MO DUCT 

6601/04/13/14 



60119300 



BT 



tntrr|m«i 

99 



l^f^Kii-fM 








IgSUE- ERROR 



^ 



,^0-t 





104 


JL 26 


> 


i L 


w\?5 



STUNT BOX 
ALL QUIET 
NETWORK 








VC.O' 



r^-o^ov--^'- 



PARCEL 
' COUNTER 



ID ISSUE <JWT)- 

fm«oxQ, 



tooQ 



to- 



BRANCH 
i SELECT 



m 



J5& 



Or 



^(SCBOJSSUE)(ftn=OXl| JUMP 




EXCHANGE, 
640-ZI 1 



>H> 



■ra 



iNST ■•— * — _iAQ t — L2Aj J 

^rj PI4J if zW-'-^oA- ^k>J? s: J 



PIS* I 

I 



AsSUE ■ ERROR C?»ri 

mmmm ^^ i)sMl7_ Jo ■ — ,131 

/—^M o-xxxk^LJ-o <KJ-0- 

I »CR l_"L LE * S i XI /] 



^\ 




V 



v- 



AUX F. U. RELEASE 



/ P. II 



f J /[ 



JUMP + 
LOOP SEQ 



R/P 
CONTROL 






<L-T) 
SEQ 



INST. L 

COUNTER 



141 BRANCH SEL 




JUMP + 
LOOP SEQ 



SUE • ERROR (y»f| 

S2fil Lil ,7 ,0 , 

-xxixoijj— o- -O-rt 






P. 5 


(sceo issue)- 


(L-T) 
SEQ 


(fm=03-0T) 






NO BRANCH 
SEQ 




* SERIALS 8 AND UP ONLY. IN SERIALS 
1-7, THIS MODULE IS AT PIS AND IS 
A TO TYPE. 



JUMP + 
LOOP SEQ 



CLEAR BRANCH SELECT 



INST 

CONTROL 

ISSUE 



ISSUE -ERROR 



"N 




, CONTROL DATA 

CORPORATION 



COMPUTER DIVISION 



CENTRAL PROCESSOR 

BRANCH UNIT 

BRANCH SELECT SEQUENCE 



6601/04/13/14 



•III tUWIM *«. 

C 60119300 



NO BRANCH SEQUENCE 



p. II 




JUMP + 
LOOP SEQ. 




SET NO BRANCH 




NOTE- H24 IS A TI MODULE 
IN SERIALS 1-7 



R33 



ret--,^ 



>■ 






LOOP SEQUENCE 









JUMP + 
LOOP SEQ. 



t 



60 BRANCH ■+ RJ + EM 



NOTE: F37 IS A CN MODULE 
IN SERIALS 1-7 



JUMP SEQUENCE 





"SEE INSTRUCTION 
GO CONTROL, PART I 









R3Z 


--< 


23/—VI 
fp~| 


A STOP 

sic. P. 


— i 2s , 
— 1 ze ) 


t50< 


20 Xy^ 

i — »(cj 











G36 






|C0 


MC ( 


I7_, — . 


"t JJv 




16 ^ 


At^ 15 


- 








*®?t 



note: 

see (l-ti sequence and d-(l-t) seouence 

a gates (l-t) •*» l 

a forces l-»> zero (jump case) 

b_ gates advance d loop ■*■ d 

b forces d *■ zero ( jump case) 



SET ENABLE RESTART 



£ 



CONTROL DATA 
CORPORATION 



COMPUTER DIVISION 



CENTRAL PROCESSOR 
BRANCH UNIT 
NO BRANCH SEQUENCE, 
LOOP SEQ., JUMP SEQ. 



pnenucT 

6601/04/13/14 



•in ftMVIIM NO. 

C 60119300 



ttv 

M 



13 



eoQ) 



PROCEED 


INST GO 
CONTROL 
PART 2 






LOOP PROCEED, 


LOOP 
SEQ 




CENTRAL PROCESSOR 
INSTRUCTION 60 CONTROL 
PART I , SERIALS 1-7 



60(2 > 



CENTRAL 
MEMORY 



60/ 
ACCEPT 



.•s^A>.--<j&5he4 




COMPUTER DIVISION 



CENTRAL PROCESSOR 
INSTRUCTION 60 CONTROL 
PART I , SERIALS 8-UP 



6 01193 00 
| 262 J 



14.21 




*F34 IS AN HP MODULE IN SERIALS l-T. 
**USED IN SERIALS S-UP ONLY. 



THIS SHEET IS IDENTICAL TO PAGE 24.1 OF CENTRAL PROCESSOR 



A, CONTROL DATA 
W CORPORATION 



COMPUTER DIVISION 



CENTRAL PROCESSOR 
INSTRUCTION GO CONTROL 
PART 2 



6601/04/13/14 



■lit I MMHM NO. 

C 60119300 



BT 



1STI4.3 



RETURN JUMP SEQUENCE 



U 



U 



Issue 01 to scoreboard 

K-* R 

P+l -*S 

S -* Memory 

(Disable P+l) 

R-P 

P -* M° 

(Enable P+l) 

M° + RA -* M 1 

Advance P 

(Disable P+l) 

Void instruction stack 



P -> M° 

M + RA -* M 1 



01 instruction issued to v 

K field (jump address) gated to K register 



Jump address gated to R register 

Program address plus one (return address) gated to S register 

To form 0400(P+1)0 at jump address 

Jump address gated to P register 
Jump address gated to M 

Absolute jump address and tag (50) gated to stunt box 
Jump address plus one gated to P register 



Set PC = 
Set L = 0* 
Set D = 0** 



O 



Jump address plus one gated to M 

Absolute jump address plus one and tag (10) gated to stunt box 
RNI initiated 



*The L register holds the complement of the L count. 
!«*The D register holds the complement of the D count. 
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RETURN 
JUMP 

2 



M° REGISTER BOI 







| a3|""l4.5 ~ 



BOOLEAN 



Logical operations in the CONTROL DATA 6601 and 6604 Central Processor are 
performed by the Boolean Unit located on chassis 2. This unit contains all the 
hardware necessary to perform a 60-bit transmit, logical product, sum or 
difference of one or two 60-bit operands. The time required for a single oper- 
ation is 0. 3 microseconds (3 minor cycles). 
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TI 

BOOL. 
COMP 

a 

DIFF 
SEP 



BOOL 
SEO. 



REO. 
REL. 



17 IB 19 



MODE 
BITS 



ft 

SUM 


TH 
XFER 
COMP 
DIFF 


TJ | 

XLATE XMIT 
MODE BOOL 
BITS SEQ 

1 



10 II 12 IS 14 IS 

I I I I I 



► X, REGISTERS 



0-3 4-7 e< 



-»9I 52-55 56-59 



I I I I 

BOOLEAN NET 
45-47 48-30 51-53 54-5* 57-59 



MP - 



lyi 



BOOLEAN RESULT RES. 
30-38 36-41 42-47 49-53 54-59 



CH. 2 INPUT X. 
40-43 44-47 49-51 52 53 156-59 



1+ DIFF. SUM + 



<MITX k DIFF + PRODXMITX 
FAN FAN FAN FAN * 
OUT OUT OUT OUT 



SS-r— p 



• 



BOOLEAN NET 
30-32 33-35 36-39 39-41 42-44 



BOOLEAN NET 
15-17 19-20 21-23 24-26 27-29 



BOOLEAN RESULT REG. 
0-5 6-11 12-17 19-23 24-29 



BOOLEAN NET 
0-2 3-5 6-8 9-11 I2H4 



/\ i i r 

CH 2 INPUT X k 
40-43 44-47 49-31 52-55 56-59 



CH. 2 INPUT Xi 
20-23 24-27 29-31 32-35 36-39 



DIFE IN 
FAN BOOL 
OUT (♦L2V) 



XMIT. 
■GO- 



GO 
BOOL. 

FAN 
OUT 



CLEAR 
VSUL1 N 
BOOL. 



GO XMIT. 

BOOL. BOOL. 

FAN FAN 



CH 2 INPUT X k 
20-23 24-27 28-31 32-35 36-39 



CH. 2 INPUT Xj 
0-3 4-7 8-11 12-15 16-19 



I I I I 

CH. 2 INPUT X k 
0-3 4-7 8-11 12-15 16-19 



COMPL 
FAN 

OUT 
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SO BOOLEAN 

CLEAR 

CLEAR RESULT REG. 

BOOLEAN SEO. 

REQUEST RELEASE 



IjIXl 



-CH. 6 
-CH 2 



SET RESULT REG. 

SET RESULT REG 
TRANSMIT RESULT 
TRANSMIT RESULT 











OPERANDS 


X j 












. _L 


"k 




CHASSIS Z 






[GAjKU 


x i . 


BOOLEAN 
NETWORK 


X i , 




|md|rm 


' ; 


| 1 




INPUT 
REGISTERS 




OPERATING I 
REGISTERS 1 






XR . 


OUTPUT 

REGISTERS 

& 

CH 2 

OUTPUT 

NETWORK 


RESULT X i 
























MODE 
CONTROL 


XAxko «4U4n a*J ifcre. »-«* 








t 






















fij^uL^ + L2V 










r r —^ 




CLEAR 




Lll 




D27 














GO 

BOOLEAN 




BOOLEAN 
SEQ. 




















EO 






REQUEST 
RELEASE 










{ 


CH.5 


T BOOLEAN 








GO BOOLEAN 


SCOREBOARD 


1 


1 TRANSM 






MODE BITS 


l 































2LII A 






V/////A 








GA, CH. 6 














V//////A 


V/////A 


V/////A 


V/////A 


MO, CH. 2 










Y//////A 




2D27 A 














V/////A 




2EOI A 














Y//////A 




GA, CH. 6 














Y//////A 




MT, CH. 6 


















GA, CH. 2 














Y//////A 




MD, CH. 2 BITS 


46 


-59 










V/////A 




MD, CH. 2 BITS 


0- 


47 










Y//////A 


CH. 2-»-CH.6, 


RM 


CH. 2 










*V/////A 


CH. 6— »REG., 


MR 


CH. 6 










*V/////A 


1 1 1 1 1 1 1 1 1 ( 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1; 1 1 ( 1 ( 1 1 |_ 



TIME IN NSEC. 



* EARLIEST POSSIBLE TIME -NO RESULT REGISTER CONFLICT. 



.CONTROL DATA 
CORPORATION 



COMPUTER DIVISION 



riTLt 

CENTRAL PROCESSOR 
BOOLEAN UNIT 
TIMING CHART 



roomier 

6601/04 



60119300 



MKCT 

04 



17 



-ra 



G]6 






/ / 

A ' ' 




! °*A*>b 














r^tv-'-U--- 




Aw 
V ' 
A39 ,/V 

m .♦' 



y 0-23 



/ • 



note: refer to scoreboard 

section for boolean examples. 



145 +I.2V +I.2V +I.2V 



, CONTROL DATA 
CORPORATION 



COMPUTER DIVISION 



TRANSMIT BOOLEAN 
FANOUT (SATES RESULTS 
OUT OF RESULT 
REGISTER) 




B 




SUM + TRANSMIT 



ITO BOOLEAN NETWORK) 



SUM -f TRANSMIT 

X R FANOUT 

ITO BOOLEAN NETWORK) 



DIFFERENCE + PRODUCT 

FANOUT 

ITO BOOLEAN NETWORK) 



COMPLEMENT FANOUT 
(TO X R INPUT 
REGISTER) 



DIFFERENCE FANOUT 
ITO XI INPUT 





DIFFERENCE FANOUT 
(TO BOOLEAN NETWORK) 



SO BOOLEAN FANOUT 
(SATES RESULTS INTO 
RESULT REGISTER) 



REQUEST RELEASE 

ITO SCOREBOARD) 



CLEAR FANOUT 
(CLEARS RESULT 
RE6ISTER) 



CENTRAL PROCESSOR 
BOOLEAN UNIT 
CONTROL 



6601/04/13/14 



SIIC e*AWIM* MO 
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SHIFT 



Shift operations in the CONTROL DATA 6601 and 6604 Central Processor 
are performed in the Shift Unit located on chassis 8. This unit contains 
all the hardware necessary to perform a 60-bit right or left shift, 
normalize, unpack, pack and mask of one 60-bit operand. The time 
required for all but normalize operations is 0.3 microseconds (3 minor 
cycles). Normalize operations require 0.4 microseconds (4 minor cycles). 

The shift instruction directs the unit to right or left shift the operand either 



normally or nominally. It may also direct the unit to normalize a floating 

point quantity from X and place the result in X. and B., or unpack X 
K 1 ] k 



The operand may also be 



into X i and B., or pack X. and B. into X 

rounded when performing a normalize instruction. The shift count is 
obtained from either the jk portion of the instruction or operating register 
Bj for right and left shift and mask instructions. The shift count is 
generated within the unit for normalize operations. 
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OPERATING 
REGISTERS 




} 



DATA TRUNKS 
RESULT X: 



^ 



SHIFT AND NORMALIZE 
NETWORK 



^ 



TIMING CHAIN 



REQUEST RELEASE 



SCOREBOARD 



TRANSMIT SHIFT 



, CONTROL DATA 
CORPORATION 



COMPUTER DIVISION 



TITLE 

CENTRAL PROCESSOR 
SHIFT UNIT 
BLOCK DIAGRAM 



6601 



flli 

C 60119300 



■ HCIT 
106 



c 



21 




, CONTROL DATA 
CORPORATION 



COMPUTER DIVISION 



CENTRAL PROCESSOR 
SHIFT UNIT 
BLOCK DIAGRAM 
DATA FLOW 



6601/04 



Silt DRAWIN* MA t(» 

C 1 60 1 1 9900 K 



25 









16 




19 


20 




25 


26 27 28 29 


30 


31 


32 


33 




PI 




KR [ 




KC 


1 1 1 1 


KC 


TA 


TI 






G 


SHIFT 
MODE 




EXPONENT 






NORMALIZE NETWORK 


GROUP 


NORM. 
SHIFT 


NORM 








BITS 




ADDER 






BITS 0-47 


SELECT COUNT 


ALIZE 


1 2 3 4 5 6 


7 


8 


9 10 


II 


12 13 14 


15 




17 18 




21 22 23 24 


47 







FAN 
IN 


GATES 


PI 


IT 


MR | | 


JO 




TC 




RM 


1 1 






MR [ 


KO 


TH 


TO 


TH 


HC 


KV 






60 


jk 


Bj SHIFT RESULT] REQ. 




SO 




CHASSIS 8 Xj COEFFICIENT 


Bj SIGN 


EXP 


NORMALIZE 


PACK 


B i 


XMIT 






SHIFT, 
FtOUM 

SHIFT 


INPUT 
RE6. 


BITS 0-9 


REL. 
SHIFT 




PACK 
FAN 
OUT 






LINE DRIVERS 
BITS 36-59 






DRIVERS 
2l0_ jl7 


ADDER 


FANOUTS 


FAN 
OUTS 


SI6N 
EXT 
FAN 
OUT 


SHIFT H 

FAN 
OUT 




KE 




1 1 








1 




1 1 






CT 

Xj.Sj 
BIT 17 


TH 


KN 




HO 




T %o 

SHIFT 


TI 


TL 




SHIFT RESULT AND COMP. FAN- INS 








SHIFT 


MASK 




CHAS. 8 


SIGN 


SHIFT 




2" - 2«« 








AND 


SOUNT 


MODE 




CLOCK 


XMIT 
SHIFT 
FAN 
OUT 


EXTEN DKECT 


I 


2 4S_ 2 59 








DIRECT FAN 
CONT OUT 


BIT 






GATES 


GATES 




KP 1 1 | K " 1 1 |«* 1 1 1 | 


« B 1 1 






TC 


C 






CA 1 


PD 


CB 






CHASSIS 8 INPUT RE6ISTER Xk.Xi 


SHIFT FEEDER 


REG. 


Xk 


PACK r 

OR 

JNPACK r 




COMR Xk 


SHIFT 


SIGN 






BITS -21 


BITS 0-19 






FANOUTS 


SEO. 


EXTEN 


J 




1 1 








FAN K 








FAN 














OUT 










OUT 










1 1 i 1 1 ! 1 1 1 1 


1 1 




1 


TD 






1- PACK 






KW 




CHASSIS 8 INPUT RE6ISTER X|( , XI 


SHIFT FEEDER 


REG. 


xk 




PACK 




OR 




SHIFT 




BITS 22-43 


BITS 20- 


39 






FAN 


^*< SIGN 




B i 


K 












OUT 




EXTEN. 
.FANOUTS 




ONES 

TEST 




i r i i i i i 


CS | | 


i h 


r 




CA 




CA 




30 




CHASSIS 8 INPUT REGISTERS Xk.Xj 


Xj ,Bj BITS 0-3 


SHIFT FEEDER 


REG. Xk 


SHIFT SI6N 






BITS 44-39 


AND 

SHIFT COUNT 


BITS 40 


-59 




EXTENSION 
FAN OUTS 


L 




1 


REGISTER 


1 








1 






««IMI 


CB 


CA | 


CB 


c * Ino 

LEFT "!" 
4 4 
SHIFT 


| | 


' 






CB | 




CHASSIS 8 Xj COEFFICIENT 
LINE DRIVERS 


COMP. 
EXP 


NO 
*-*" SHIFT 
16 | 6 


RIGHT 


LEFT "° 
RIGHT . ' SHIFT 

4 8 8 
MRECTION SLAVES 


RIGHT 

8 






GO PACK 


M 




BIT 0-19 


UN- 
PACK 


16 






FANOUTS 




6601/04 CENTRAL COMPUTER 
SHIFT FUNCTION UNIT CHASSIS 


1 1 1 


CA 






RIGHT 


I 


| | 




CB 




18 19 




CHASSIS 8 
Xj COEFTICIENT 


XMIT 
SHIFT 




NO 
LEFT SHIFT 
32 32 


32, 
AND 

XMIT 


LEFT N ° 
. SHIFT 


RIGHT 1 *" » 
. 2 SHIFT 


RIGHT 


XMIT 
SHIFT 


N 


PERFORMS 60 BIT LEFT OR RIGHT SHIFT 
NORMALIZE"! 


UNE DRIVERS 

BITS 20-35 


NORM 






SHIFT 
NORM 


1 1 


1 2 


2 


COMP. 




UNPACK h «° BIT ° reR - 


° F 1 1 1 










1 


| | 




16 


MASK J 


16 S 32 BIT SHIFT NETWORK -BITS 











OPERAND MAY BE ROUNDED 
GENERATES SHIFT COUNT IN 


16 17 18 19 20 21 22 23 24 25 26 


27 12 13 


14 






NORMALIZE OPERATION 


32 33 34 35 36 37 38 39 40 41 42 


43 1 28 29 


30 








48 49 50 31 52 53 54 55 56 57 58 


59 44 45 


46 








I" 1 1 1 
16 8 32 BIT SHIFT NETWORK 


1 1 1 1 1 1 1 1 
4 S 8 BIT SHIFT NETWORK - BITS 






BITS 








P 






15 3 6 9 


12 24 36 48 1 


13 25 37 


49 








31 , 1 4 7 10 


4 16 28 40 52 5 


17 29 41 


53 








47 1 2 5 8 II 


8 20 32 44 56 9 


21 33 45 


57 


Q 






till 

4 8 8 BIT SHIFT NE 


1 1 1 1 | t [ | 
TWORK - BITS SHPFT NET W0RK - 


BITS 




2 14 26 38 50 3 13 27 39 51 


3 6 9 


12 








6 18 30 42 54 7 19 31 43 55 i 1 


4 7 10 


13 








10 22 34 46 58 II 23 35 47 59 | 2 


5 8 II 


14 








1 1 1 1 1 1 1 1 1 1 

18 2 BIT SHIFT NETWORK— BITS 


1 1 






IS 18 21 24 27 30 33 36 39 42 45 


48 SI 54 


57 


R 






16 19 22 25 28 31 34 37 40 43 46 


49 52 55 


58 








17 20 23 26 29 32 35 38 41 44 47 


50 53 56 


59 
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IN SEC) 



ADV, 

SEQ 



F28 ^ 
J23 A. 



FI9 



A 



REQUEST 
RELEASE 



TRANSMIT 
RESULTS 



CLEAR CHASSIS 6 
INPUT REGISTER 



CLEAR FEEDER 
REGISTER KO.KB- 



INPUT REGISTER 
-»KO, KB 



SHIFT DIRECTION . 
CONTROL .117 /t\ 



SET 
SK ■ 

REG 



L09,IO,ll A 
L09,I0,II A 

Tub 
I lie 



SHIFT 
COUNT 

T °r1 



CLEAR SK 
REGISTER 



24, 25 ONLY 



24, 29 ONLY 



24,25 ONLY 



24, 25 ONLY 



24,25 ONLY 




IN SEC) 



ZWft 



&W7l 



mzL 



&m\. 



mz?L 



mzzL 



ZZWl 



mm. 



zmtL 



&&ZK. 



wzmzvzzzmmtfzzzmi 



&ZZZL 



WZZZL 



Z7ZZX 



57ZZ7?l 



_jvm>L 



y///////////////x////////////////^ 



m&t 



500 

(NSEC) 



_^^L_ 



mvft. 



wmt^mmzvzvTzmL 



400 

» NOTE 

EARLIEST POSSIBLE TIME- 
NO RESULT REGISTER CONFLICT 



500 
(N SEC) 
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eo 

SHIFT 



1Z5 



t75 




■■. ( ^s ■as*- as <s^{) 



<T* IM^f- 



'f 






Wi»-e*^ "wket*~ o-"^ <S*^< M -- A 





- -. NORMALIZE 



- bT"T I I 




TO GATE 

SHIFT DIRECTION 



US 





TO SATE 

NORM. SHIFT , „ 

COUNT INTO A! 





too 



PACK Bj-»Xj 





PACK FANOUT 



\ I 

\ 

\ ENTER SHIFT 
\ 3TTT + ITT7c 
FANOUT, SETS \ 
SHIFT Bj a X|( \ 

FEEDER REGISTERS \ 








CLEAR MASK 
MODE FF 
(119) 



NORMSEOy 

EXP. T 



"S 







SHIFT NOM. 




Tel ! 



"P 1 FANOUT, 

SATES Bj 
i SHIFT COUNT PACK 

INTO SK Bi-M<| 










ENTER SHIFT 

FANOUT, CLEARS 

AND SETS SHIFT X, « Bj 

FEEDER REGISTERS 




V **-< 



TRANSMIT 
SHIFT 



. TO CLEAR MODE 
>FFS (616) 



■MS. MBfllllll tjTHOgffd 

12] COrtiC * t 2si 



3XMIT SHIFT-»*j 

} CLEAR NORM. SEO. FF 




(EXPONENT) 



NO ONES, 

Bj BITS 6-10 



I — -% 
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LONG ADD 

Fixed point addition and subtraction in the CONTROL DATA 6601 and 6604 Central 
Computers are performed by the Long Add Unit on chassis 8. This unit contains all 
necessary registers and logic elements to form the 60-bit, fixed point sum (or 
difference) of two 60-bit, fixed point operands. The time required for an operation 
is 0. 3 microseconds (3 minor cycles). 

A Long Add instruction directs the unit either to add the addend X, to the augend X 

k s j 

and send the sum to X., or subtract the subtrahend X. from the minuend X and 

i k j 

send the difference to X.. 
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ADDER 



The Long Add Unit performs fixed point addition and subtraction of 60-bit numbers. Even though the adder is subtractive in nature, the Long Add Plus mode 

Negative numbers are represented in one's complement notation, and overflows bit gates the true value of X, from the input register to the Feeder regis- 

are ignored. The sign bit is in the high order bit position (bit 59), and the binary ter. The one's complement value of X, is gated to the Feeder register 

point is at the right of the lowest order bit position (bit 0). for Subtract instructions. 



The adder is divided into three levels of operation, with three bits making up a 
group, four groups making up a section, and five sections making up the entire 
adder. 



Functional Units 
Pub. No. 60119300 
Rev. K Page 48 



-7 / 






HH 



L08 |KT 

L07 |KT 



(^>***^A. 



SV&0W* 



| 36-3 



CHASSIS 8 
INPUT REGISTER 



J09 

job|k ai 



J*Z 



J06|Kt 



J k \ 



J M 



lob 

L07 |KT 



L06|KT 



5]iT 



I 46-4 



L02 |KA 
LOllKA 



KM |KA 
KIO IKA 



| 34-3 



K07 |KA 
K06 |KA 



CHASSIS 8 
INPUT REGISTER 

x fc 



K 04 IKA 
K03 IKA 

K02|KA| 



KCHlKA 

STTTka 



| 12-13 



JOSlKI 



JQ2|KP 



k(kp 



LO NG ADD FEEDER REGISTER 
| BITS 58 58 57 133 [FA 



56 55 54 132 IFA 



53 52 51 131 FA 



BITS 50 49 48 

*j AAA 
x k AAA 



)|FA 



BITS 47 46 45 129 FA 



44 43 42 128 FA 



| 41 40 39 »T|FA 



BITS 38 37 36 

=<j AAA 
x k A A A 



SECTION. 
2 



| BITS 35 34 33 H3B]FA 



32 31 30 M37 FA 



29 28 27 H36 FA 



BITS 26 23 24 H33 |FA 
AAA 

AAA 



| BITS 23 22 21 H34|FA 



j 20 19 18 H33|FA 



[" 17 16 15 H32|FA 



BITS 14 13 12 H3I |FA 
Xj AAA 

x k AAA 



SECTION. 




| BITS II 10 9 H30|FA 
8 7 6 H29|FA' 



I 5 4 3 H28|FA 



BITS 2 I H27[FA 
"J AAA 

x k AAA 



PASS/ BORROW CIRCUITS 






LONG ADD RESULT NETWORK 



BITS 59 58 57 J39 FE 



56 55 54 J38 FE 



53 52 51 J37 FE 



BITS 50 49 48 

xi AAA 



BITS 47 46 45 J35|FE 



f "' 44 43 42 J3«|FE 



[ 41 40 39 J33]FE 



BITS 38 37 36 

xi AAA 



| BITS 35 34 33 J3I |FE 



32 31 30 J30 



I 29 28 27 J29|[ 



pr 



BITS 26 25 24 >I28|FE 

x, AAA 



IBITS 23 22 21 



J27|FE 



20 19 18 J2«[FE 



17 16 15 J2S FE 



BITS 14 13 12 

xi AAA 



i BITS II 10 9 137 FE 



BITS 2 I 134 |FE 

X, AAA 



CHASSIS B OUTPUT NETWORK 



|BITS 59 58 57 56HI6|RM 


| 55 54 53 52 HI5|RM 




BITS 51 52 53 54 HI4 I RM 

AAAA 





I BITS 47 46 45 44 HI3 |RM 



43 42 41 40 HI2 



|RM 



BITS 39 38 37 36 ' 

AAAA 



|BITS 35 34 33 32 N04|RM 



I 51 30 29 28 N03|RM 



BITS 27 26 25 24 N02|RM 

AAAA 



BITS 23 22 21 20 



NOI [RK 



I 19 IB 17 16 M05|RM 



BITS 15 14 13 12 
AAAA 



104 |RM 






I BITS II IQ 9 8 M03JRM 



7 6 5 4 M02 RM 



BITS 3 2 10 

AAAA 



MOI 



raj' 






£ 



CONTROL DATA 
CORPORATION 



COMPUTER DIVISION 



TITH 

CENTRAL PROCESSOR 
LONG ADD UNIT 
DATA PATH 



PRODUCT 

6601/04 



tilt DflAWIHfl NO. 

C 60119300 



in 

K 



49 



%0^A«M3 * CiXAA-^. 



PASS AND BORROW CIRCUITS 



LONG ADO 

FEEDER 

REGISTER 



H* *'|SROUP 3 H30|fA 

fr' ^l GROUP 2 H2s|fA ' 



c 


E 


t 


o 





\ 





JL 


..*.,*&-< 



2 2 <Xj) 




to cue 

"3 S-OUTPUT 
NETWORK 



I 's C**<-9« 



TITLI 

CENTRAL PROCESSOR 


PRODUCT 

6601/04 








LONG ADD UNIT 


■ IK 

C 


DRAttlMS NO. 

60119300 


an 

K 


ADDER , SECTION 






IHftT 

130 




51 



£«, futo./|sJ 
I, ft44M5T 



PASS AND BORROW CIRCUITS 



LONG ADD 

FEEDER 

REGISTER 



A*HJ — 4) 




TITLC 

CENTRAL PROCESSOR 
LONG ADD UNIT 
ADDER, SECTION I 



6601/04 



• lit DRftWIM HO. 

C 60119300 



PASS AND BORROW CIRCUITS 



LONG ADD 

FEEDER 
REGISTER 



| GROUP 3 H3»|FA 



IN LONG ADD 



GROUP Z H37TFA 

| GROUP I H3«|FA 



GROUP H3s|fA 



GP. 3 

BORROW^ 



GP. 2 
BORROW 



-®-i 



XkHH — 4$ 




, CONTROL DATA 
CORPORATION 



COMPUTER DIVISION 



TITLI 

CENTRAL PROCESSOR 
LONG ADD UNIT 
ADDER, SECTION 2 



6601/04 



IIZI DRAWINS Ha 



C |60II9300 |K 
55 



4*. 




BRANCH TESTS 



Besides being used as a fixed point adder, the Long Add Unit also serves to test 
certain conditions in branch instructions. For all these tests, the contents of 
operand register X are gated to the Long Add Unit (bits 2 36 - 2 59 are already 
on chassis 8). Here they are examined, and the resulting control bits are sent 
to the Branch Unit on chassis 5. 
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037 
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Zero Test 

1. Checks all 60-bits of X for 0, or all for 1. 

2. Valid for both fixed and floating point numbers. 

If underflow occurs in a Floating Point operation, the result is treated 
as absolute zero. A zero quantity is packed with a zero exponent and a 
zero coefficient. 



Sign Test 



,59, 



1. Examines the sign bit (2 ) of X . 

2. Valid for both fixed and floating point numbers. 
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BRANCH TESTS (Cont .) 



Range Test 



Indefinite Test 



1. 



Checks bits 2 48 - 2 58 of X. against 3777, or 4000 



1. 



2. Valid for both fixed and floating point numbers. 

If overflow occurs in a floating point operation, the result is treated 
as infinite. An infinite quantity is packed with an exponent of octal 
3777 and a zero coefficient. Since the lower order bits are ignored 
for this test, near-overflow numbers (fixed and floating point) are 
also considered out of range if the upper 12-bits are 3777 (or 4000). 



48 *Sfi 
Checks bits 2 - 2 ° of X against 1777, or 6000 

Valid for floating point numbers only. 

The use of either infinity or zero as operands in a floating point 
operation may produce an indefinite result. An indefinite quantity 
is packed with an exponent of octal 1777 and a zero coefficient. 
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MULTIPLY 



Multiplication in the CONTROL DATA 6601 Central Computer is performed by two 
identical multiply units. Each of these units contains all necessary registers, adders, 
and logic elements to form the 60-bit, floating-point product of two 60-bit, floating- 
point operands. A given multiply instruction may be performed by either unit if the 
other unit is busy. The time required for a multiplication is one microsecond (10 
minor cycles). 



A Multiply instruction directs the available unit to take the multiplier X. times the 



multiplicand X, and send the product to X.. 



The coefficient portions of operands X 



and X, are sent to chassis 6 where they are multiplied by a method using addition 
of partial products. The exponents are sent to chassis 2 to be added. 
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MULTIPLY, COEFFICIENT 



The Go signal to one of the multiply units directs that unit to take the two 48 -bit 
quantities from the chassis 6 input registers and form their 96 -bit product. The Go 
signal is timed so that the chassis 6 input registers are sampled while they are holding 
the multiply operands X. and X. . 

The multiplicand X, is brought into a holding register where it remains during the 
entire operation. Three multiplied values of X fc are then formed: X^ times one, 
times two, and times three. These values are held available during the entire 
operation. 

The multiplier X. is divided into two 24 -bit quantities, upper and lower. These two 
portions are set into registers which perform a 6 -place right shift after each 
iteration. 

Four iterations are required to multiply the two 48 -bit operands. At the start of each 
iteration, three 2 -bit translations are made from the lower six bits of the quantities 
held in the upper and lower multiplier registers. These translations select the multi- 
plied values of X, (3X, , 2X, , X, , or zero) which are to be added in that iteration. The 
quantities specified by the upper and lower multipliers are gated into the upper and 
lower three-level adders, respectively. The result of each of the three-level additions 
is a set of partial sums and partial carries, which are brought out separately and 
placed in separate registers. During the next iteration, these partial sums and 
carries (right -shifted 6 places) are fed back into the three-level adders to be added 
into the partial product; the final addition for the partial sums and carries resulting 
from the fourth iteration is performed during merge. 



The lower six bits of both the upper and lower partial sums and carries are fully added 
in separate 6 -bit adders during the latter part of each iteration. If either of these 
additions results in a carry to a seventh place, the carry is placed in stage of the 
respective upper or lower partial carry register. 

At the end of each iteration, a 6 -place right shift is performed on both the upper and 
lower portions of the multiplier X . The multiplier bits used in the previous iteration 
are discarded. As the multipliers are shifted, the upper bits of the registers are 
refilled with the fully added output of the 6 -bit partial sum and carry adders. At the 
end of four iterations, the lower multiplier register holds the fully added lower 24 bits 
of the final 96-bit product. The upper multiplier register holds only 18 bits because 
all of the upper partial sums and carries (except the upper 15) from the fourth 
iteration are sent directly to the lower adder for merge. The 18 bits in the upper 
multiplier register are added with lower partial sums and carries on merge to form 
bits 24 through 41 of the final 96-bit product. 
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MERGE 

The final 96 -bit product is formed by merging the upper and lower partial sums and 
carries with the fully added contents of the upper and lower multiplier registers. The 
lower 24 bits of the final product are taken directly from the lower multiplier register, 
which contains the quantities produced by the lower 6 -bit adder during each of the four 
iterations. Bits 24 through 80 of the final product are produced in the lower adder. 
Bits 24 through 41 are produced by merging lower partial sums and carries with the 
fully added 18-bit quantity in the upper multiplier register. The upper multiplier 
register receives only three 6 -bit quantities; all partial sums and carries (except the 
upper 15) from the upper adder on the fourth iteration are sent directly to the lower 
adder for the merge operation. Final product bits 42 through 80 result from the 4- 
level add of upper and lower partial sums and carries. Bits 81 through 95 are not 
produced by the lower adder. These bits result from adding the upper partial sums 
and carries in a special 2 -level adder used only during merge. 

The result bits 24 through 80 from the lower adder are sent to the lower partial sum 
register. The final 96 -bit product is therefore sent to the output network from three 
sources; the lower multiplier register, the lower partial sum register, and the upper 
2 -level merge adder. 
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MULTIPLY, EXPONENT 



All exponent arithmetic for the two multiply units is performed on chassis 2. The 
exponent portions of the two operands are sent directly to chassis 2 from the operating 
registers. The multiply unit receiving the Go signal on chassis 6 re -transmits the Go 
signal to the respective exponent arithmetic logic on chassis 2. 

The final product exponent is found by adding the operand exponents according to the 
rules of exponential numbers. This exponent, produced by the direct addition, is the 
double -precision exponent; it is used if bits through 47 of the 95 bit product are 
selected. The quantity 60 g (48 1Q ) must be added to the double -precision exponent to 
obtain the single -precision exponent; this is used if bits 48 through 95 of the 95-bit 
product are selected. 



If it is necessary to normalize the product, the quantity 1 is subtracted from the 
result exponent. This is because in normalizing, the final product coefficient is left- 
shifted one place. 

The final result exponent is tested to determine if the product is valid. If the product 
is infinite or indefinite, an Error signal is transmitted to chassis 6 and the final 
coefficient is held to all "O's". 
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CHASSIS 6 INPUT REGISTERS 



Chassis 6 contains the coefficient arithmetic logic of both Multiply 1 and Multiply 2 
functional units. Since no other operations are performed on chassis 6, its input 
registers are only 48 bits in length. The exponents of the two operands are not sent 
to chassis 6 but instead go directly to the input registers on chassis 2. 

The input registers on chassis 6 are shared by both Multiply 1 and 2. The unit 
receiving the Go signal samples the input registers and performs the multiply operation. 



The two operands are held in the chassis 6 input registers for a time of approximately 
100 nanoseconds. During this time, the operands are transmitted on to chassis 2, and 
the chassis 6 input registers are then cleared. If a multiplication is to be performed, 
the operation is timed so that one of the multiply units receives a Go signal and samples 
the operands while they are held in the chassis 6 input registers. 

The coefficient sign (bit 59) of each operand is sent to both chassis 2 and chassis 6. A 
sign bit of "l" indicates a negative operand. The input registers always contain the 
true value of the operands, but since negative numbers are handled in one's comple- 
ment form, a sign bit of "1" gates the complement of the quantity into the multiply unit. 
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SIGN RECORD 



The sign of the product is determined according to standard rules. If the operands are The sign of the final product is determined by the state of the Sign Record m P -flop 

The sign the produc s ^ ^ ^ muUiply unit If the initial operand slgns are the same, the Sign 

of the same sign, the product 1S positive. If the operand signs Record nip -flop remains clear. This indicates a positive final product positive with 

is negative. & ^ ^ Qf „ „_ ^ the . nitial operand signs are unlike, the Sign Record flip-flop is 

A comparison test is always performed on the signs of the two operands coming into set, indicating a negative product with a sign bit of »1». 

chassis 6. If a multiplication is not performed, the result of the comparison is not 
used. However, if either multiply unit has received a Go signal, the result of the 
comparison is stored and held until the end of the operation. 
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MULTIPLIER X. 
J 



The 48 -bit multiplier X. is divided into upper and lower halves of 24 bits each. These 
two quantities are placed in registers which perform a 6 -place right shift at the end 
of each iteration. 

The lower 6 bits of each of the multiplier sections select quantities to be added to the 
partial product on each iteration. The multiplier is thereby processed 12 bits at a time, 
enabling a 48-bit multiplication to be performed in 4 iterations. 

At the beginning of each iteration, the lower 6 bits of each multiplier are examined to 
select 3 values of the multiplicand X.. The 3 quantities are then gated into the 3 -level 
adder. Since the multiplier is examined in 2 -bit groups, the selected values of the 
multiplicand may be either 3X., 2X., X., or zero. These functions of the multiplicand 
X. are held constantly available during the operation. 



The two multipliers are shifted 6 places to the right at the end of each iteration. The 
previously used 6 -bit portions are discarded. The upper 6 stages of the two multiplier 
registers are then used as a place to hold the result of the addition of partial sum and 
carry bits through 5 (both upper and lower). After the fourth iteration, nothing 
remains of the original multiplier X.. The lower multiplier register holds the fully 
added lower 24 bits of the final 96 -bit product and the upper multiplier register holds 
18 bits which must be added with lower partial sums and carries on merge. Note that 
the upper multiplier receives only 3 fully added 6 -bit quantities, since those upper 
partial sums and carries from the fourth iteration are sent directly to the lower adder 
for merge. 
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24- BIT, 6-PLACE SHIFT REGISTER 

AS MULTIPLIER Xj IS SHIFTED, REGISTER IS REFILLED 
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MULTIPLICAND X fe 



At the beginning of the multiply operation, the multiplicand X fe is brought into its The quantity 2X k is formed by shifting X, one place to the left. ^ This is equivalent to 

register where it is held during the remainder of the operation. Three values are multiplying X fe by 010 2 . The low -order bit of 2X k is always . 

formed; the multiplicand X, , X. times 2, and X, times 3. These three values are 

made available at each of the inputs to the 3-level adders, with 2-place shifts per- The quantity 3X k is formed by shifting X fe one pl ace to the left, then adding this slutted 

formed between levels. The quantity gated in at each level depends upon the translation quantity to the original X fe . This is equivalent to multiplying X fc by Oil.,. Carries are 

of those 2 bits of the multiplier X.; if the two multiplier bits are "0". nothing is gated generated in this process, and all carries are handled in parallel by a separate 

3 sensing network. Because of possible carries at the high-order bit positions, the 

quantity 3X. may be 50 bits in length. 
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THREE -LEVEL ADDERS, UPPER AND LOWER 



On each iteration, the 3 -level adders perform the addition of the 3 selected values of the iteration are fed back into the lower level shifted 6 places to the right. In effect, the 

multiplicand X. together with the partial sums and carries from the previous iteration. partial product sums and carries are being shifted as the multiplier is shifted, but the 

To maintain positional accuracy in the partial product, the bit positions of the multiplicand values entering the adder are not; bit of the lower -level multiplicand 

multiplicand values entering upper levels of the adder are left-shifted 2 places with value always enters adder stage on every iteration. 
respect to the next lower level, and the partial sums and carries from the previous 
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PARTIAL SUM AND PARTIAL CARRY REGISTERS 



At the end of each iteration, the partial sums and carries resulting from the 3 -level 
additions are gated into their respective registers. The lower six bits of both sets of 
partial sums and carries are then fully added, since the 6 -place shift of the multiplier 
insures that there will be no more bits to be added to these. The remaining partial 
sums and carries are then returned to the 3 -level adders to be added into the partial 
product on the next iteration. It is therefore necessary to clear and reset the partial 
sum and partial carry registers at the end of each iteration. As shown on the accom- 
panying diagram, the AND gates which do this are enabled at each t95 after t325. 

Following the fourth iteration, all of the partial results are merged into the final 96 -bit 
product. For the merge operation, all partial sums and carries are sent to the lower 
adder for final addition (except the upper 15 bits of the upper partial sums and carries 



which are added in a special 2-level network). The final product is then transmitted 
through the lower partial sum register to the output network. The merge gate for the 
upper partial sums and carries is enabled at t630, and at t685, the registers are 
cleared. These gates are held enabled through the remainder of the operation. 

If the Error signal is received from chassis 2, the final product from the output net- 
work is all "O's". This signal results from the exponent test and indicates that the 
product is either infinite or indefinite. Assuming no Error signal, the clear and set 
enables of the lower partial sum and carry registers are brought up at t685 and held 
until the end of the operation. As soon as the Transmit signal is received, the 
merged product is gated to the output network. 
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NORMALIZE 



COMPLEMENT 



At the beginning of the multiply operation, the operands are examined to determine if 
both X. and X, have "l's" in bit 47. If both operands are normalized (bit 47 = "1"), 
the multiply unit will normalize the final product. The final product, if normalized, 
will have a "1" in bit 95; in an unnormalized product, bit 95 maybe either "1" or "0". 

The fact that both operands have "l's" in bit 47 automatically results in a "1" in either 
bit 94 or bit 95 of the product, depending upon the carries from lower positions. 
During merge, the product is examined to determine if a "1" has been propagated to 
bit 95. If not and normalize is indicated, the output network performs a 1 -place left 
shift on the final product. 



When operands are received on chassis 6 and a multiply unit receives a Go signal, a 
comparison is performed on the coefficient signs (bits 59). This comparison deter- 
mines the sign of the final product, by means of the Sign Record flip-flop. If the 
operand signs are the same (either both "l" or both "0"), the Sign Record flip-flop 
remains clear. This indicates a positive product with a sign bit of "0". If the operand 
signs are unlike, the Sign Record flip-flop becomes set, indicating a negative product 
with a sign bit of "1". 

Negative numbers are represented in one's complement form. If the Sign Record 
flip-flop is set indicating a negative product, the output network transmits the 
complement of the actual result. 
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CHASSIS 2 INPUT REGISTERS 



Chassis 2 contains the exponent arithmetic networks of Multiply 1 and Multiply 2 
functional units, in addition to Divide and other logic. The input registers on chassis 
2 are 60 bits in length. The exponent (bits 48 through 59) are sent to chassis 2 directly 
from the operating registers. The coefficient (bits through 47) are sent first to 
chassis 6 and then re -transmitted to chassis 2. 

The input registers on chassis 2 are shared by both Multiply 1 and 2, Divide, and 
Boolean. The unit receiving the Go signal samples the input registers and performs 
its respective operation. The two operands are held in the chassis 2 input registers 



for approximately 100 nanoseconds. If a multiplication is to be performed, the opera- 
tion is timed so that the respective Multiply Exponent unit receives a Go signal and 
samples operand exponents while they are held in the chassis 2 input registers. The 
operand sign (bit 59) accompanies each operand to chassis 2. A sign bit of 1 
indicates a negative operand. The input registers always contain the true values of the 
operands, but since negative numbers are handled in one's complement form, a sign 
bit of "1" gates the complement of the quantity into the exponent arithmetic unit. 
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EXPONENT ADDITION 



The exponent arithmetic logic automatically performs two additions at the beginning of 
each multiply operation. The two operand exponents are added to each other, and the 
result of this is added to 60„ (48 10 ). These two results are the basic double -precision 
and single -precision product exponents, respectively. Later in the operation, the 
control logic selects one of these and determines whether further modification such as 
normalizing should be done. The adders which perform the exponent addition are one's 
complement; if complementary numbers are added, the result is all "O's" (positive 
zero). 



DOUBLE-PRECISION EXPONENT 

This exponent is used if the double -precision product is selected. The coefficient of 
this product is the lower 48 bits of the 96 -bit product; the upper 48 bits are discarded. 
The double -precision exponent is produced by direct addition of the operand exponents. 

SINGLE-PRECISION EXPONENT 

This exponent is used with the single -precision product. The coefficient is the upper 
48 bits of the 96 -bit product; the lower 48 bits are discarded. The single -precision 
exponent is produced by adding 60 g (48 1Q ) to the double-precision exponent. 
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NORMALIZE, COMPLEMENT 



The selected exponent (single or double precision, is made avai^ble in .,—. ^ZZZ££T^^ 

and unnormalized form. In the process of normalizing, the coefficient is shifted one sets the , Norma Lze p p compari son of the signs (exponent bit 11, 
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Both the normalized and unnormalized values of the exponent are made available at 



Functional Units 
Pub. No. 60119300 
Rev. C Page 118 










COMPUTER DIVISION 



P>~V 



^ue^ 



X k FEEDER RES, EXP; 
ERROR MODE TEST 





| 016 





ERROR MODE TEST 


E33 




A X, 


|pD 


E 07-13 ( 


IT /->, l-U ^^ 

l— *VJ — *T] M — K_) — ' 


[— | 28 


60 mult a tzoor 


l 16 A } 









142 "^ 




Y^J— -D— O^S COMPLEMENT 

r-C^s 



SATE OUTPUT B36-I4 



notes: 

i. all locations on chassis 2. 
2. multiply i is shown, 
multiply 2 is similar. 



£ 



CONTROL DATA 
CORPORATION 



COMPUTER DIVISION 



CENTRAL PROCESSOR 
MULTIPLY, EXPONENT 
SELECT COMPLEMENT, 
TRUE VALUE 



CeTA 




?> 



PRODUCT 

6601 



c 1 60i 19300 |er 

121 



TEST RESULT 

Several tests are performed in the exponent arithmetic to determine if the product is exponent of 1777g and a zero coefficient. A result of infinity is packed with an 

valid. The initial operands are tested to see if either X or X R is indefinite, infinite, exponent of 3777g and a zero coefficient. A result of zero is packed with a zero 

or zero The final product exponent is tested to determine if it is equal to 2000; it exponent and a zero coefficient. All adjustments of the exponent are performed on 

would then become zero when unbiased. chassis 2 and if the result is such that the coefficient should be held to zero, the 

Error signals are sent to chassis 6 to accomplish this. 
The results of the tests are held until the end of the operation and are then used to 
condition the gating of the final product. An indefinite result is packed with an 



Functional Units 
Pub. No. 60119300 
Rev. C Page 122 



SINGLE OB 
DOUBLE PRECISION 



RESULT 
EXPONENT 



11/ B26-I7 



U^rAwAAW. 







10/ B26-20 



DOUBLE PRECISION 
Xj + Xfc EXP 
BIT II G35- I? 



X w # INDEFINITE 



%&> tfHj M^-f^ 



BIT 10 = 
BIT II 


A> 




-*-i 10 1 


"^y y{ 




[5 1 — 1 


1 — 1 |j l 



c * £Q ' ¥• Ak Q 







RESULT 

EXPO NENT 

6565 
(ZERO WHEN 

UNBIASED ) u 

B24 




v C?\*£ A 4*f^'*" 



F5l^ A 




DI6-I 

GATE OUTPUT 



m t5 i 



JOS 



T .GATE EXPONENT BIT II 
101 , / 




\ I 



'$*e^ti§J^S 



Pw*V*^*o 



sL _ 



\ / 
X 

/ \ 



/ \ 


Lu 


\ 


.21 T^ 


r ■< 
i 


iy, i« 


L _ 


— — \ 




1 



E20 | 







W32-98 
ERROR 









MULT I 
» OF + UF TO 
CH 6 



r 




Y' v\_^ f — ._ 



^ n' 9 ( 

I ~ "A GATE 



EXPONENT 
OUTPUT 



i- I 





t- 


k z 4^ 




1 13, 


\T 




izj 


U>V^ 




ITI 


/° 




IS] 



E22 

! --<p-(>4rp 4 .v 3 



L _. 



, EIT-17 
/ SELTRUEOR COMP , 



t350 O— K*) *0 









B35 




A 


jr. 


c 


V f 


1 — 1 s - 




fan ■ 




8 J 








10] 









.1 ' 



notes: 

i. all locations on chassis 2. 
2. multiply i shown, 

multiply 2 is similar. 
®e03 -13 exponent check- 




} 



IF I , TRUE BIT 10 
IF "0," COMPLEMENT BIT 10 
GATE OUTPUT 



H42-26 
>.I73) 



26 .27. 2 8 . 2 » . 2 IO.( X j +x, =0) 



M m CONTROL DATA 
» CORPORATION 



COMPUTER DIVISION 



TITLt 

CENTRAL PROCESSOR 
MULTIPLY, EXPONENT 
TEST RESULT 



6601 



MMIN* Ml 

60119300 



REV 

8T 



123 



FROM OIVIOE 



RESULT AND INDEFINITE «42-«i 
HST 



(SEE TEST RESULT PAGE) 
BJS-IO 



COMPLEMENT 132-7 




/ 




>TO CHASSIS S 



fi<^i| W*M k-M^e, 



I. ALL LOCATIONS ON CHASSIS 2. 
2.MULTIPLY I SHOWN, 2 IS SIMILAR. 



, CONTROL DATA 
CORPORATION 



COMPUTER DIVISION 



CENTRAL PROCESSOR 
MULTIPLY, EXPONENT 
OUTPUT NETWORK 



PRODUCT 

6601/04/13/14 



• IZE MIIIHM 



C 1 60 1 19300 RT 

| 167 125 



DIVIDE 



Division in the CONTROL DATA* 6601 Central Computer is performed by the Divide 
Unit located on chassis 2. This unit contains all necessary registers, adders, and 
logic elements to form the 60 -bit, floating-point quotient of two 60 -bit, floating-point 
operands. The time required for a division is 2. 9 microseconds (29 minor cycles). 

A divide instruction directs the unit to divide the dividend X. by the divisor X fe and send 
the quotient to X.. The coefficients are divided by the method of repeated subtractions. 
The exponents are subtracted according to the rules of exponential arithmetic. 



RESTRICTION: 

The coefficient arithmetic portion of the divide unit is not capable of 

producing a quotient larger than 1. 77 -- 7 g . It is therefore a 

requirement in all cases that the coefficient of the dividend X. must 

be less than two times the coefficient of the divisor X k . The 

coefficient of the divisor X fc may exceed the coefficient of the dividend X.. 

without limit, so long as neither operand is infinite or zero. 

It is important to note that if the divisor is normalized, the above restriction never 
applies. In addition, if both operands are normalized, the divide unit produces a 
normalized quotient. 
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DIVIDE, COEFFICIENT 



Coefficient division of the two operands is performed using three subtraction networks. 
The original dividend X. is gated directly from the chassis 2 input register into each 
of the 3 subtracters. The divisor X fc is gated into a holding register from which three 
values are formed: X fe times one, times two, and times three. These quantities are 
gated into the 3 subtraction networks and are held during the remainder of the operation. 

The quotient is formed 2 bits at a time by trial subtractions of the 3 multiples of X k 
from the dividend. The largest multiple which subtracts without causing an end- 
around borrow determines the selection of the 2 bits. If end-around borrows occur 
in all three subtractions, the two bits are zero. 

The largest usable multiple of X fe is subtracted from the dividend during each 
iteration. This new quantity is then shifted left 2 places and re -inserted into the 



dividend registers of the 3 subtraction networks. On the first iteration, the original 
dividend X. is held in the subtraction networks. 

The coefficient arithmetic network forms a 50 -bit quotient. Twenty-four iterations 
are required to process the 48 -bit dividend; however, 2 -bit quotients are selected 
both before the first iteration and after the 24th iteration. 

The high-order bit (bit 49) of the final quotient is always ."0" and is never used. This 
is due to the fractional restriction of the coefficient arithmetic; the 2 -bit quotient 
picked on the first iteration is always either 00 or 01. Quotient bit 48 is tested at the 
output network, and if a "1", a 1 -place right shift is performed. 
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DIVIDE, EXPONENT 



The exponents of the divide operands are handled according to standard rules of 
exponential numbers. For the basic result exponent, the exponent of the divisor X, 
is subtracted from the exponent of the dividend X.. Next, the quantity 60„ (48, Q ) is 



subtracted from the result of X. minus X, . 

3 K 

point of the coefficient 48 places to the right 



This has the effect of moving the binary 
The quotient produced by the coefficient 
arithmetic is a fraction. It is therefore necessary to shift the binary point to the right 
in this manner to make the floating-point quotient of the divide unit correspond with the 
standard floating-point format of the other functional units. 



Bit 48 of the coefficient is examined by the quotient output network and if a "1", the 
coefficient is shifted one place to the right. This requires the addition of +1 to the 
exponent to maintain positional accuracy. 
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CHASSIS 2 INPUT REGISTERS 



Chassis 2 contains the exponent arithmetic networks of Multiply 1 and Multiply 2 for a time of approximately 100 nanoseconds. If a division is to be performed, the 

functional units, in addition to Divide and other logic. The input registers on chassis 2 operation will be timed so that the Divide unit receives a Go signal and samples the 

are 60 bits in length. The exponent (bits 48 through 59) are sent to chassis 2 directly operands while they are held in the chassis 2 input registers. The operand sign (bit 

from the operating registers. The coefficient (bits through 47) are sent first to 59) accompanies each operand to chassis 2. A sign bit of "1" indicates a negative 

chassis 6 and then re -transmitted to chassis 2. operand. The input registers always contain the true values of the operands, but since 

negative numbers are handled in one's complement form, a sign bit of "1" gates the 

The input registers on chassis 2 are shared by both Multiply 1 and 2, Divide and complement into the Divide unit. 
Boolean. The unit receiving the Go signal will sample the input registers and perform 
its respective operation. The two operands are held in the chassis 2 input registers 
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DIVIDEND X. 



ROUND 



At the beginning of the first iteration, the dividend X, is gated into holding registers 
in the 3 subtraction networks. Trial subtractions are then performed of the dividend 
X. minus 1, 2, and 3 times the divisor X fe . The largest multiple of X fc which subtracts 
without causing an end-around borrow is taken as 2 bits of the quotient, and the result 
of that subtraction, left-shifted 2 places, is used as the dividend for the next iteration. 
The original dividend X. is gone after the first iteration, and at the end of 24 iterations, 
the dividend is reduced to all "O's" (on an unrounded operation). If an end-around 
borrow is produced on the trial subtraction of X. minus X, , the two quotient bits will 
be "O's". The unsubtracted dividend quantity is then returned left-shifted 2 places 
to the 3 subtraction networks for the next iteration. 



Rounding in the Divide unit is performed by holding "1" inputs on bit of the dividend 
registers in each of the three subtraction networks. The "l" inputs are held through 
all 24 iterations. Since the dividends are left-shifted 2 places on each iteration, the 
quantity remaining in the registers at the end of 24 iterations will be a succession of 
alternating "O's" and "l's". Rounding on a divide operation forces bit of the original 
dividend X. to a "l" and makes the portion of the dividend to the right of the binary 
point equal to 1/3 (.2525 -- 25g). 
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DIVISOR X. 
k 

The original divisor X, is brought into a register at the beginning of the operation The quantity 3X k is formed by shifting X fc one place to the left and adding this quantity 

and three values are formed; X, times 1, times 2, and times 3. These three values to the original X fc . This is equivalent to multiplying by Oil 2 . The carries produced 

are held during the entire operation and are used as inputs to the three subtraction by this addition are handled by a separate sensing network, 
networks. 

The quantity 2X is formed by shifting X fc one place to the left. This is equivalent 
to multiplying by OlOg. 
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SUBTRACTION NETWORKS 



The trial subtractions of the dividend minus X fc , 2X fc , and 3X k are performed by 

the 3 subtraction networks. Each of these networks contains an input register for the 

dividend. The multiple value of X fc is brought in at a separate input. 

Each subtraction network has 3 gated outputs from each stage. These are fed back 
to the dividend input registers of the subtraction networks left -shifted 2 places. The 
output of each subtraction network is the complement of the true result, and is therefore 
able to directly set the flip-flops in the input registers. 



Borrows, satisfies, and enables are handled by a separate sensing network. The 
subtraction networks are one's complement, and a borrow out of the upper stage is 
taken end-around. However, if an end-around borrow is produced by a subtraction 
network, that particular trial subtraction is rejected. 

The existence of end-around borrows from the trial subtraction networks determines 
the selection of the two quotient bits for that iteration. The highest multiple of X fc 
which will subtract from the dividend without causing an end-around borrow is used. 
The fully subtracted output from that subtraction network is then gated back to the 
dividend input registers left-shifted 2 places to be used as the dividend on the next 
iteration. 
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2 -BIT QUOTIENTS 



QUOTIENT LEFT -SHIFT REGISTER 



The coefficient arithmetic network performs division of the 48-bit operands in 24 
iterations. The quotient is assembled 2 bits at a time, as determined by the three 
trial subtractions of X k> 2X k> and 3X k from the dividend. The resulting quotient is 
50 bits in length, since an additional 2 bits are picked after the 24th subtraction. 



A 2-place left-shift register is used to assemble the 2-bit quotients into the final 50 -bit 
quotient. The quotients are selected at 100 -nanosecond intervals according to the trial 
subtractions, and are inserted into stages and 1 of the left -shift register. This 
register performs a 2-place left shift at 7 5 -nanosecond intervals. It is therefore 
necessary to provide 2 extra register stages after each 4 shifts to allow the picking of 
quotients to "catch up" with the shifting of the register. 
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NORMALIZE 

The divide unit produces a normalized quotient (a "1" in bit 47) if both of the original of the final 50-bit result, and the second 2-bit quotient becomes bits 47 and 46. The 

operands were normalized. With normalized operands, the first 2-bit quotient will be use of normalized operands therefore always results in a "l" in either (or both) bit 47 

either 00 or 01. If the first 2-bit quotient is 00, the second 2-bit quotient will be or 48, while bit 49 is always a "0". If bit 48 is a "1", the output network shifts the 

either 10 or 11. Due to the left shifts, the first 2 -bit quotient becomes bits 49 and 48 coefficient one place to the right and +1 is added to the exponent to maintain positional 

accuracy. 
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GATE QUOTIENT OUTPUT 



The final result quotient is gated out of the Divide unit by the Transmit signal from the be negative. Negative numbers are handled in one's complement notation. The 

Scoreboard. The final transmitted coefficient value is determined by a sensing sensing network therefore selects the complement of the coefficient if the quotient is 

network which selects either the true value, the complement or all "O's". negative. 

The signs of the original operands X. and X fc determine the selection of either the The output coefficient is held to all "O's" if the quotient is infinite, indefinite, or zero, 

true value or the complement of the result coefficient. If the signs were alike, either The existence of these conditions is determined by examining the original operands 

both positive or both negative, the quotient will be positive; if unlike, the quotient will and the exponent of the result. 
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EXPONENT SUBTRACTION 



The exponent arithmetic logic unconditionally performs two subtractions at the normalizing should be done. The networks which perform the subtractions are adders 

beginning of the operation. The first step is to subtract the exponent of the divisor which subtract a quantity by adding it to the complement of the first quantity. The 

X k from the exponent of the dividend X.. The second step is to subtract from this adders are one's complement; if complementary numbers are added, the result is 

result the value 60 o (48, „). This produces the basic quotient exponent. Later in the all "O's" (positive zero). 

o 1U 

operation, the control logic will determine whether further modification such as 
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TEST RESULT 



I ! Several tests are performed in the exponent arithmetic to determine if the product 

is valid. The initial operands are tested to see if either X. or X, is indefinite, 
; J K 

infinite, or zero. 

The results of the tests are held until the end of the operation and are then used to 



condition the gating of the final product. An indefinite result is packed with an 
exponent of 1777„ and a zero coefficient. A result of infinity is packed with an 
exponent of 3777„ and a zero coefficient. A result of zero is packed with a zero ex- 
ponent and a zero coefficient. 
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NORMALIZE, COMPLEMENT 

The use of normalized operands causes the divide unit to produce a normalized The decision of whether to take the true value or the complement of the exponent is 

quotient (coefficient bit 47 equals "l"). Normalized operands automatically result in based on the comparison of the signs (exponent bit 11, operand bit 59) of the original 

a "1" in either (or both) coefficient bits 47 and 48. If bit 48 is a "l",.a 1-place right operands X. and X, . If the signs are the same, the true exponent is used; if the signs 

] K 

shift is performed and +1 is added to the exponent to maintain positional accuracy. are different, the exponent is complemented. 

Both values of the exponent, X. - X- 60„(48 ) and X. - X. - 57„ (47,.), are made 

available at the fan-in to the output network, and the gating selection is made 

according to coefficient bit 48. 
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POPULATION COUNT 



The Population Count instruction (47) counts the number of "1" bits in operand register 
X, and stores the count in operand register Xj. The bits are taken four at a time in ■ 
the counter network (KD) and the fifteen partial counts are added together in a four- 
stage summing network (QA, QB, TJ). Because 60 1Q = 74 g , only the lower six bit 
positions of the chassis 2 output network are used to transmit the count to operand 
register X.. The time required for a count is 0. 8 microseconds (8 minor cycles). 
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INCREMENT 



Incrementing and memory addressing in the CONTROL DATA 6601 and 6604 Central 
Computers are performed by two identical Increment Units on chassis 5. Each of 
these units contains all necessary registers and logic elements to form the 18-bit, 
fixed point sum (or difference) of two 18-bit, fixed point operands. The time re- 
quired for an operation is 0.3 microseconds (3 minor cycles). 

An Increment instruction directs the unit either to 1) add the addend B fe or K to the 
augend X., B., or A. and send the sum to X., B., or A. or 2) subtract the subtra- 
head B, from the minuend B or A and send the difference to Xj, Bj, or A^ 
Operands obtained from an X. operand register are the truncated lower 18-bits 



of the 60-bit word. Conversely, an 18-bit result placed in an X operand register 
carries the sign bit extended to the remaining bits of the 60-bit word. 

Note that the results of all 5X instructions are transmitted to one of seven address 
registers (Al - A7). An immediate memory reference is caused by any change in 
the contents of an A register. When Al - A5 is changed, the operand is read from 
the new address specified and sent to the corresponding operand register XI - X5. 
When A6 or A7 is changed, the operand from the corresponding operand register 
X6 or X7 and stored at the new address specified. 
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ADDER 

The Increment Unit performs fixed point addition and subtraction of 18-bit numbers. and six groups making up the entire adder. 

Negative numbers are represented in one's complement notation. The sign bit is 

in the high order bit position (bit 17), and the binary point is at the right of the lowest The adder is subtractive in nature, but because of the logic configuration of the 

order bit position (bit 0). i n P ut register (JA), the true value of B k or K is gated for Add instructions and 

the one's complement value for Subtract instructions. 
The adder is divided into two levels of operation, with two bits making up a group 
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BRANCH TESTS 



The Increment Units are also used as auxiliaries to the Branch Unit, both 
for the Unconditional Jump instruction Q2, and the Conditional Jump 
instructions 04-07. 



For the Unconditional Jump instruction 02, the Increment Unit adder computes 
the sum of the two operands and gates the result to the P register. The P + 1 
adder is disabled and the result passes through to M and on to the Stunt Box. 



Op. Code 

02 
04 
05 
06 
07 



Instruction 

Go to B. + K 

l 

Go to K if B. = B 

i J 
Go to K if B. + B 

i J 
Go to K if B. > B 

i J 
Go to K if B. < B 

1 J 
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BRANCH TESTS (Cont'd) 

For the conditional tests of equality (04 and 05), the two 18-bit operands are com- 
pared bit for bit. For the conditional tests of magnitude (06 and 07), the signs 
(bit 17) of the two operands are compared. If they are different, the positive num- 
ber is recognized as the greater of the two. If they are the same, the one's com- 
plement difference (B. - B.) is taken, and the sign (bit 17) of the result is examined. 
If it is zero, B. > B.; if it is one, B, < B.. A control bit is then sent to the Branch 
Unit indicating the success or failure of the test. 
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ADD 



Floating point addition and subtraction in the CONTROL DATA 6601 and 
6604 Central Processor are performed by the Add Unit located on 
chassis 8. This unit contains all the hardware necessary to perform the 
60-bit, floating point sum or difference of two 60-bit, floating point 
operands. The time required for a single addition or subtraction is 



0.4 microseconds (4 minor cycles). 

The add instruction directs the Add Unit to add or subtract the two 
operands and give either a single or double precision result. The unit 
may also be directed to round the operands when a single precision result 
is requested. 
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T V W « PICKING 
T T NETWORK 




GROUP 2 BORROW 



■6 GROUP 3 BORROW 



GROUP BORROW 

\ 



GROUP I 
BORROW t 



SHIFT BORROW* 

CIRCUITS L29 



X: BIT 49 




GROUP 3 GENERATE 1 



GROUP 2 GENERATE 



GROUP I GENERATE 




iS GROUP I „ 

Y SHIFT BORROW* 




J>KkS 



0* 



rS 



%>■ 









EXPONENT 
RESULT NETWORK 










EXPONENT 
OUTPUT NETWORK 



56-59 HI6 RN 



48-51 HI4 RM 
BITS 




DOUBLE PRECI 



l_ 



S0-. 


BO 


RROW* 

DP. 


N 


I26| — fc 


•[7" 


2? 




JU> i — ^ 


"CE 


? 




127. 1 

rHHAJ-i 


4T 


Jo 





PICK ENTER CLEAR 
LARGER ADD ADD 

EXP EXP EXP 



* THE EXPONENT IS NOT REALLY SHIFTED. 
"SHIFT" REFERS TO CORRECTION OF THE 
EXPONENT (ADO + I ) WHEN OVERFLOW OCCURS 
IN THE COEFFICIENT REOUIRING IT TO BE 
RIGHT SHIFTED. 







, CONTROL DATA 
CORPORATION 



COMPUTER DIVISION 



'■ A l3 i , A 15 



TITLI 

CENTRAL PROCESSOR 

ADD UNIT 

EXPONENT ADDER, RESULT NET. 



6601/04 



••AWIfl* HO. 

60119300 



IMKT|f»«t 



SECTION | 
15 



UPPER ACCUMULATOR 
SIGNI97! 96 R3I 



R29|NG 
R2b|nG 



R27 |N K 
R26 InG 



R25 |N G 
R24 Ink 



I |ng 



_R20JNG 
Q30 JN G 



FEEDER REGISTERS 
j COEF X|,COEF 



WL 



45 ' (tSy ^t) N25 |nO 



m: 



41. N23 ND 



39 N22 ND 



37 N2I ND 



35 N20 ND 



33 M26 NO 



CI 



30 29 M24 ND 



a 



M23 |ND 
M22 |N D 



24 23 M2I ND 



21 L26 MD 



17 L24 NO 



15 L23 NO 



BIT 

A 



sf- 



A A A 



I K22 |ND 
ROUND K2I |ND 



Q26|NK 
025 JN G 



Q24|NG 
023JNK 



Q22[N6 



V 



t 
GROUP 



49 4fgrW"d P28 |N» 

A A 

A Apr Aon R30 



PASS a CARRY CIRCUITS 



SEC 


4,15 


035 






JNH 


PASS 
BITS 


S CARRIES 
84-95 



SEC 12 -UP NI9 



PASS a CARRIES 
BITS 72-97 



034 

|nh 



PASS a CARRIES 
BITS 72-83 



PASS 8 CARRIES 
BITS 36-71 



SEC 10,11 



PASS B CARRIES 
BITS 60-71 



SEC 0- 


5 


NIT 






JMH 


PASS S CARRIES 

BITS 1-35 



SEC e 


, 9 


N35 






[nh 


PASS 

BITS 


a 

48 


:arries 

— 39 



|wj 



CHASSIS 8 OUTPUT 

NETWORK 

|BIT59 58 57 56 HI6]rM 



55 54 53 52 HI5 IRM 



A. 

■'X 



'& 



Yi 



~ftf?™ 



LOWER ACCUMULATOR 



46 P27 |ng| 



•& 



P22 |w< 



P20 |N 
030 |N K 



027 Ink 



: REFER TO PAGE 49 IN 
THE FUNCTIONAL UNIT 
DRAWINGS FOR CHASSIS 
8 INPUT REGISTER BIT 
LOCATIONS. 



025INK 
024 |NK 



022 |NK 



021 |NK 



020 NG 



N30 NK 



m 



N29 [NK 
N28 |N G 





T 

GROUP 



A 



M29 NK 

A 

A°"AoN P28 



BIT3I 50 49 48 HI4 JRM 

A, AA A 



SEC 6,7 


N34 






[NH 


PASS 
BITS 


a CARRIES 
37-47 



PI6 

|mj 



ADD COEF RESULT 
NETWORK 



BIT47 46 45 44 RI9 NA 



43 42 41 40 RIB NA 



39 38 37 36 RI7 |NA 



SEC 4, 3 




N33 






[nh 


PASS B 
BITS 25 


CARRIES 
-36 



35 34 33 32 019 | 
31 30 29 28 OIB |n. 



27 26 25 24 017 ll 



23 22 21 20 PI9 NA 



19 IS 17 16 PI8 NA 



15 14 13 12 PI 7 NA 



II 10 9 8 019 NA 



SEC 2 


,3 




N32 








|nh 


PASS 
BITS 


B CARRIES 
13-24 



7 6 5 4 018 NA 




BIT3 2 I 017 |NA 

AAAA 



COEFFICIENT 




SEC 


1 




N3I 








|nh 


PASS 
BITS 


a 

- 


CARRIES 
-12 



PASS 
BITS 1-53 



, CONTROL DATA 
CORPORATION 



COMPUTER DIVISION 



CENTRAL PROCESSOR 

ADD UNIT 

COEFFICIENT DATA PATHS 



6601 



HMIM MO. 

60119300 



■IV 

8G 



203 



BIT BO 88 96 



839 |NE 
840 |nE 



BIT 95 96 9T 



86 88 90 92 94 M39 NE 



85 87 89 91 93 M40|NE 
76 78 80 82 84 M37 |NE 



75 77 79 SI 83 M38 NE 



66 68 70 72 74 M35 |NE 



56 58 60 62 64 M33 [NE 
i" 55 57 59 61 63 M34 |nE 




65 67 69 71 73 M36 INE 



) 52 54 M3I |NE 
~5i 53 M32 |NE 



fcS^ 



73 81 89 97 



40 48 56 64 72 N40 NE 



39 47 55 63 71 N4I |NE 

36 46 54 62 70 N58 |nE 



37 45 53 61 69 N39 NE 



36 44 52 60 68 N36 NE 



j 35 43 51 59 67 N37 |NE 

, 34 42 50 58 66 M4I |NE 



BIT 33 41 49 57 65 M42 



13 




fc&-s 



| BIT 47 79 48 80 R.34JHF 
| 45 77 46 78 R33 |NF 



43 75 44 76 Q42 NF 



42 74 041 INF 



39 71 40 72 040 INF 



37 69 38 70 039 NF 



35 67 36 68 038 NF 



33 63 34 66 037 |NF 



63 32 64 036 |NF 



59 28 60 



035 [N F 
034 |N F 



57 26 58 033 NF 



56 P36 NF 



22 54 P35 NF 



M A NS 16 
'TO BIT 65 



BIT 17 49 18 50 



52 P34 |NF 

P33 [NF 



<V 



OtoWTW '■» •"•<>' 



RS 16 RS 16 

TO BIT 41 I BIT 34 



V \ 

\ \ RS 32 

RSI6 V \ BIT 8 ' 

TO BIT 33 \ 

NSI6 
TO BIT 41 



RS 16 
TO BIT 25 

NSI6 / 

-^(J TO BIT , ,125 

13 , SI6N + RS 16 



-J 




_5atocoef adder 

V BIT 50 



TO C0EF ADDER 
BIT 18 



TO COEF ADDER 
BIT 49 



TO COEF ADDER 
BIT .17 



| BIT 16 97 P4I 

! 14 ,^g) 15 96 R42 |nF 



12 93~ 13 94 R4I |NF 



[ 10 91 II 92 R40 |NF 



90 R39 NF 



88 R38 NF 



86 R37 NF 



3 84 R36 |NF 
~i 82 R35 |NF 



A A 



* 



CONTROL DATA 
CORPORATION 



COMPUTER DIVISION 



TITLt 

CENTRAL PROCESSOR 

ADD UNIT 

RIGHT SHIFT NETWORK 



6601/04 



•IZI BMWIMa NO. Ml 

C 60119300 K 



205 



* 



ROUND BIT TRANSLATOR 


NET. H24 




|kv 


123^-^ 1 — i ^ 




N \ 






aROUND Xj 


?L/s\ -m JVrr\ 


Jrn -/~\ '*, 




LARGER 
COEFFICIENT 
r- L32-28 

BIT *» .„„ 
J 02 





E24 




|rp 


X : BIT 4?C 


I4j-L|lt 


XMIT ADO( 


>-»® 







H24 
SATE 
MADE 


SIGN 


SIGN 
X k 


BIT47 

x i 


BIT 47 
X k 


H24 


H24 

A 


U 


+ 


- 






i 





Y 


- 


+ 









1 


v,z 


+ 


+ 


i 


1 


1 


1 


NONE 


+ 


+ 


i 











NONE 


+ 


+ 





1 








NONE 


+ 


+ 














W 


- 


- 


1 


1 


1 


1 


W 


- 


- 


1 





1 


1 


W 


- 


- 





i 


1 


1 


NONE 


- 


- 















* round bit is set in coef. with 
larger exponent at p26-8. 

note: 

gates tsx set round bit = sign 
for all but round operations. 




£ 



CONTROL DATA 
CORPORATION 



COMPUTER DIVISION 



TITLt 

CENTRAL PROCESSOR 
ADD UNIT 

COEFFICIENT ROUND BIT, 
SHIFT SIGN EXTENSION 



|>91GN +RS 64 
FANOUTS 



6601/04/13/14 



60119300 



BT 



223 J 209 




B s XwfD*9"9i 



S I SIGN OF COEF „ , . - , 

WITH SMALLER O HA|-Hb| 

CUT T 1—1 ' ' 



la 



GROUP 2 CARRY 



N „ ' EXPONENT 

V \ ' 

V \ I SIGN OF COEF. ,„ , 

>, WITH LARGER 6 »|e|-Hf1 

\ EXPONENT T • — ' < — ' 

\ I 

20 | . 

2v6 — »|T] 




EXP. Xj+X| ( =l777 + 

EXP. X| X k =3777 

UNLIKE SIGNS 
C27-4 



■R64 " 



SHIFT 
BIT 96 



SIGN • NC4 
BIT 96 



XMIT COEF. 





C.O*m"J*~*^ 



• MB 
!> COMP EXP. 



!> COMP. EXP 



XMIT 
ADO 

CIRCUITS 







H24 


RIGHT-SHIFTED 
UPPER OR 
LOWER BIT 47(| 

Rsg 


t; 


[kv 

u 



* 



CONTROL DATA 
CORPORATION 



COMPUTER DIVISION 



CENTRAL PROCESSOR 

ADD UNIT 

COEF. OVERFLOW SENSE NET., 

SIGN TEST, COMP. EXP. 



6601/04/13/14 



•III NHWIM II*. tcv 

C 60119300 gT 



Zt4| 21 



Accept' 




Scbd. Issue 
OX,. 



Hopper 
Tag=10 



End 

Exchange 



Jump 





( Jump )L 
(Loop) 



Set L=7 



->Set PK=0 




(30 bit Instfc^,^ 

(OX ) de4 -Tjea4 rf&fX OMuS. 

Loop i 

I fir 



,'• •'/^^d^sO 



', VV^-.^-ig 



PfcV" 



Inch 
14 to rf 



Pause 

I 



' PK=2 

— *6 




PK=t ! 









T - Se\ ©£*$$: . • H • ( U2=0X} 

Issue -■ ' ■- ■■*$&:%.-& -<:ii A ' 

GO CONTROL BLOClillGRAM 




I«-Start Exch. 



■s>U Issue 

F.tf. Busy 

Reg» Res. 
■>-ScBd. Issues 



Ino-^^7 r a e ^ r/ a . i i'Fjx) 






Fol/cie. 



K 



K 



6 X 



G — v.O 



A ^* 



sXO 



Lot /jN 

C III 



; . a 



Hk-liU / 

f / T 



's-, 



o? 



1 k 14 

* \ 

3 c \ 

ar / — . 

1 rir N 



t 

o 



-_ JO 



M -** *' *'*' 



*§— »— -^-..^ 







p 



J' /I 



M ->Q > 



L -i 



t 

.1, I 

-> 



X5" __ _ o 



»v 






..©- 



U 



JeJc.t /j 



Jc* 









H 

D 

f 



.2? 



XV 



^' 



4"" 






A 




f/t 










aat^MfL 



Pv^7 




ptttiuii^ 



C&i^y-^^"-> 



Ml 



p— "- -™ — - -1 



fr Lq^y ,1/iL^ ,--1-1-—, ' '] 

I L^ ■ ... I 







i 



..ti- 
lt 

m 

Ir 

JlWfl 

* 
ft 



*~T_£aL&_ 







dJkkJ* p^3 






^..."Ylt 



JBk 






JKTTT 



p--»^— — | 



p^Z^ 



i I' 



1>- a» ' . J..1 P^ « 



) ii 



T 






p C. 



^2 



(fc^r 
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